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1
METHOD AND APPARATUS FOR
TRANSDERMAL STIMULATION OVER THE
PALMAR AND PLANTAR SURFACES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part of U.S. patent
application Ser. No. 15/084,356 filed Mar. 29, 2016 (now
U.S. Pat. No. 9,630,004) which is a continuation of U.S.
patent application Ser. No. 13/840,936 filed Mar. 15, 2013
(now U.S. Pat. No. 9,339,641 issued May 17, 2016), which
is a continuation in part of PCT International Patent Appli-
cation Number PCT/US2011/052415, filed Sep. 20, 2011,
which claims benefit of priority to U.S. Provisional Patent
Application No. 61/403,680 filed Sep. 20, 2010. The present
application is also a continuation-in part of U.S. patent
application Ser. No. 12/508,529 filed Jul. 23, 2009 (now
abandoned), which is a continuation-in-part of U.S. patent
application Ser. No. 11/866,329 filed Oct. 2, 2007 (now
abandoned), which claims priority to U.S. Provisional Patent
Application No. 60/848,720 filed Oct. 2, 2006. The present
application also claims priority to U.S. Provisional Patent
Application No. 62/350,610 filed Jun. 15, 2016. Each of the
above referenced applications is incorporated herein by
reference in their entirety.

The following applications are also incorporated herein
by reference in their entirety for all purposes: PCT Appli-
cation Serial No. PCT/US10/54167 filed Oct. 26, 2010; PCT
Application Serial No. PCT/US10/054353 filed Oct. 27,
2010; U.S. patent application Ser. No. 12/508,529 filed Jul.
23, 2009 (now abandoned), which is a continuation in part
of U.S. patent application Ser. No. 11/866,329 filed Oct. 2,
2007 (now abandoned), which claims priority to U.S. Pro-
visional Patent Application Ser. No. 60/848,720 filed Oct. 2,
2006; U.S. patent application Ser. No. 12/695,087 filed Jan.
27, 2010 (now abandoned), which is a continuation of U.S.
patent application Ser. No. 11/332,797 filed Jan. 17, 2006
(now abandoned); U.S. patent application Ser. No. 12/509,
362 filed Jul. 24, 2009 (now U.S. Pat. No. 9,610,459); Ser.
No. 12/469,365 filed May 20, 2009 (now abandoned) which
is a continuation of U.S. patent application Ser. No. 11/866,
329 filed Oct. 2, 2007 (now abandoned) which claims
priority to U.S. Provisional Patent Application Ser. No.
60/848,720 filed Oct. 2, 2006, and Ser. No. 12/469,625 filed
May 20, 2009 (now U.S. Pat. No. 8,430,805) which is a
continuation of U.S. patent application Ser. No. 11/866,329
filed Oct. 2, 2007 (now abandoned) which claims priority to
U.S. Provisional Patent Application Ser. No. 60/848,720
filed Oct. 2, 2006; and Ser. No. 12/509,304 filed Jul. 24,
2009 (now abandoned) which is a continuation of U.S.
patent application Ser. No. 12/508,529 filed Jul. 23, 2009
(now abandoned) which is a continuation-in-part of U.S.
patent application Ser. No. 11/866,329 filed Oct. 2, 2007
(now abandoned) which claims priority to U.S. Provisional
Patent Application Ser. No. 60/848,720 filed Oct. 2, 2006;
and Ser. No. 12/509,345 filed Jul. 24, 2009 (now abandoned)
which is a continuation of U.S. patent application Ser. No.
12/508,529 filed Jul. 23, 2009 (now abandoned) which is a
continuation-in-part of U.S. patent application Ser. No.
11/866,329 filed Oct. 2, 2007 (now abandoned) which
claims priority to U.S. Provisional Patent Application Ser.
No. 60/848,720 filed Oct. 2, 2006.

FIELD OF THE INVENTION

The present apparatus and methods relate generally to
energy emitting apparatus and methods for providing a
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2

medical therapy. The apparatus and methods may provide
for central and peripheral nerve and other tissue modulation
or stimulation therapies

BACKGROUND OF THE INVENTION

The OAB and Ul market in the United States is well over
a $12 billion a year industry. It affects over 16% of all
Americans, for a total U.S. market of approximately 34
million men and women each year. Due to social stigmas
attached to OAB and Ul, as well as misunderstanding of the
signs and symptoms associated with OAB and UI, only 40%
of those affected (13.6M) seek treatment. Of those 13.6
million individuals, nearly 30% are unsatisfied with their
current therapy.

The use of pulsed electromagnetic stimulation (PES) has
been well established as a beneficial therapy in a variety of
medical applications. The scientific principle behind this
technology is that an electric current passed through a coil
will generate an electromagnetic field. These fields, in turn,
have been shown to induce current within conductive mate-
rials placed within the field. When applied to the human
body, pulsed electromagnetic stimulation has been found to
be an effective method of stimulating nerves resting within
the electromagnetic field. Recent data highlights the benefi-
cial effects of invasive, needle-based electrostimulation (ES)
of the posterior tibial nerve in individuals with OAB and UI.
ES has been found to modulate bladder dysfunction through
its action on the pudendal nerve and the sacral plexus which
provides the major excitatory input to the bladder.

Current treatment options for OAB and UI are exercise
and behavioral modifications, pharmacological therapies,
surgical intervention, and neuromodulation. Although each
of these treatment options targets the Ul and OAB popula-
tions, each has severe limitations.

Exercise and behavioral modifications often require
patients to adhere to stringent routines, including scheduled
voiding, maintenance of a bladder diary, and intense exer-
cise regiments. While this may be a viable option for a small
group of highly dedicated individuals, its daily impact on
one’s life makes it an unattractive option for most individu-
als.

Pharmacological intervention is the most widely pre-
scribed therapy for OAB and UI. Unfortunately, as with the
ingestion of any chemical, patients are often subject to side
effects from their drug therapy. This is especially detrimental
in older and elderly patient populations where interaction
with other prescribed medications can have adverse effects.
Further, there is a high rate of dissatisfaction, approximately
30%, amongst individuals using pharmacological treatment.

Surgical intervention is an extremely invasive treatment
and often results in the long-term, and in some cases
permanent, requirement for catheterization. The high
expense of these procedures, coupled with the negative
impact the procedures have on the patients quality of life,
make this an option only when all other treatment options
have been exhausted.

Neuromodulation is another treatment alternative for
OAB and UI patients. Sacral nerve stimulation (SNS) has
shown itself to be an effective treatment option for those
with OAB or Ul. However, the procedure requires the
permanent implantation of an electrical stimulation device in
the patient. One estimate puts the cost at nearly $14,000 with
additional routine care costs of $593 per patient per year.
Additionally, SNS’s risk of battery failure, implant infec-
tion, and electrode migration, lead to a high reoperation rate
and make this procedure unattractive.
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More recently, the introduction of a posterior tibial nerve
stimulator, often referred to as SANS, has shown itself to be
another neuromodulation alternative. Yet as is the case with
other forms of neuromodulation, this system is invasive in
its nature. It requires the insertion of a needle two inches into
the patient’s ankle region in order to stimulate the posterior
tibial nerve. As well, it requires a minimum of 12 sessions
for initial treatment, with the possibility of additional ses-
sions needed for maintenance. Despite its high cost and
invasive nature, though, an abundance of published peer-
reviewed clinical trials demonstrate the safety and efficacy
of the SANS therapy.

SUMMARY

In certain variations, a method for providing transdermal
electrical stimulation therapy to a patient is provided. The
method may include positioning a stimulator electrode over
a glabrous skin surface overlying a target nerve of a subject.
Electrical stimulation may be delivered through or across the
glabrous skin surface to the target nerve to stimulate the
target nerve, while remaining safe and tolerable to the
patient. Electrical stimulation may be delivered at frequen-
cies that may be painful or intolerable when applied over
non-glabrous surfaces of the body. The electrical stimulation
may be utilized to treat various conditions, e.g., urinary
incontinence and overactive bladder.

In certain variations, an applicator, e.g., an ergonomic
applicator, for providing transdermal electrical stimulation
therapy to a patient is provided. The applicator may be
configured to position a stimulator electrode over a glabrous
skin surface of the subject to deliver transdermal electrical
stimulation through or across the glabrous skin surface to an
underlying target nerve, resulting in stimulation of the target
nerve.

In certain variations, a method for providing an energy
based stimulation therapy to a subject is provided. The
method may include positioning an energy emitting device
in proximity to a glabrous surface overlying a target tissue.
Energy may be delivered through the glabrous skin surface
to the target tissue to stimulate the target tissue.

In certain variations, another method for providing an
energy based stimulation therapy to a subject is proved. The
method may include positioning an energy emitting device
in proximity to a skin surface overlying a target nerve.
Energy may be delivered at a frequency of about 1 Hz to
about 30 Hz through the skin surface to the target nerve,
thereby generating motor and/or sensory nerve conduction
of the target nerve while remaining safe and tolerable to the
subject. Optionally, energy may be delivered at less than 10
Hz to generate nerve conduction.

In certain variations, systems for electromagnetic induc-
tion therapy may include one or more conductive coils
disposed within or along an applicator. The coils may be
configured to generate a magnetic field focused on a target
nerve, muscle or other body tissues in proximity to the coil.
One or more sensors may be utilized to detect electrical
conduction in the target nerve, to detect a muscular response
caused by an electrical conduction in the target nerve, or to
detect stimulation of a nerve, muscle or other body tissues
and to provide feedback about the efficacy of the applied
electromagnetic induction therapy. A controller in commu-
nication with the sensor may be adjustable to vary a current
through the at least one coil so as to adjust the magnetic field
focused upon the target nerve, muscle or other body tissues.
Optionally, a user or patient may detect stimulation of a
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nerve, muscle or body tissue and the therapy may be
adjusted based on feedback from the user or patient.

In certain variations, the applicator may be configured to
intermittently apply or deliver pulsed magnetic fields to a
target nerve, muscle or tissue without causing habituation of
the target nerve, muscle or tissue.

In certain variations, methods of electromagnetic induc-
tion therapy may include one or more of the following steps.
A first portion of a patient’s body may be positioned relative
to or in proximity to an applicator or an applicator may be
positioned relative to or in proximity to a first portion of a
patient’s body, such that a target nerve, muscle or tissue
within the first portion of the body is in proximity to one or
more conductive coils disposed within or along the appli-
cator. A current may be passed through a coil to generate a
magnetic field focused on the target nerve, muscle or tissue.
An electrical conduction through the target nerve, a muscu-
lar response caused by an electrical conduction through the
target nerve or stimulation of a nerve, muscle, or body tissue
may be detected by a sensor positioned along a second
portion of the body. A signal from the sensor indicative of
the electrical conduction or stimulation may be received,
which provides feedback about the efficacy of the applied
electromagnetic induction therapy. The current may be
adjusted by a controller in communication with the conduc-
tive coils based on the feedback.

Optionally, a user may detect stimulation of a nerve,
muscle or body tissue and the therapy may be adjusted based
on feedback from the user. In certain variations, pulsed
magnetic fields may be intermittently applied or delivered a
target nerve, muscle or tissue without causing habituation of
the target nerve, muscle or tissue. Such intermittent mag-
netic fields may be used to treat chronic conditions, e.g.,
chronic pain, without causing habituation.

In certain variations, applicators may be ergonomic or
may be designed or configured to accommodate, approxi-
mate or be positioned relative to or in proximity to specific
regions of the body or anatomy. The specific regions of the
body or anatomy may be positioned relative to the applica-
tors, or the applicators may be positioned relative to the
specific regions of the body or anatomy to treat various
conditions, for example, osteoarthritis, arthritis, back or
neck pain, atrophy or paralysis, chronic pain, phantom or
neuropathic pain, neuralgia, migraines, orthopedic condi-
tions.

In one embodiment, the invention provides a method or
device for providing transdermal electrical stimulation
therapy to a subject including positioning a stimulator
electrode over a glabrous skin surface overlying a palm of
the subject and delivering electrical stimulation via a pulse
generator transdermally through the glabrous skin surface
and to a target nerve or tissue within the hand to stimulate
the target nerve or tissue within the hand so that pain felt by
the subject is mitigated. The pulses generated during the
electrical stimulation therapy may include pulses of one or
two or more different magnitudes.

In some embodiments, the electrical stimulation is deliv-
ered at a frequency of about 5 Hz to about 60 Hz, while
remaining safe and tolerable to the subject. In some embodi-
ments, the stimulator electrode is a surface electrode. The
electrical stimulation may be delivered intermittently or on
a chronic basis.

In some embodiments, the device includes a sensor
(which may be a surface electrode, or other type of elec-
trode) for detecting nerve stimulation which receives a
signal from the sensor indicative of the detected electrical
stimulation thereby providing a feedback about the efficacy
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of the applied electrical stimulation therapy such that the
therapy is adjusted or optimized. An M-wave and/or F-wave
may be detected by the sensor. A parameter of the M-wave
and/or F-wave may be displayed to the subject.

In some embodiments, the feedback is queried by a
controller such that the electrical stimulation therapy is
adjusted to ensure that a minimum amount of energy is being
applied to stimulate the target nerve within the hand while
reducing the risk of burns or intolerance. Alternatively, the
feedback may be queried such that the positioning of the
stimulator electrode is adjusted to optimize the electrical
stimulation therapy.

In some embodiments, a return electrode may be posi-
tioned on the subject to facilitate penetration of an electrical
current through the glabrous surface to stimulate the target
nerve within the hand. The stimulator electrode may be
attached to the glabrous skin surface with an adhesive. The
stimulator electrode may be positioned over the glabrous
skin surface with an ergonomic applicator. The applicator
may be a glove or brace configured to be positioned against
the palmar surface of a hand such that the electrode delivers
electrical stimulation to a target nerve within the hand.

In some embodiments, the electrical stimulation is auto-
matically paused for a preset amount of time every 10
minutes to overcome habituation. In some embodiments, the
electrical stimulation is automatically paused for a preset
amount of time every 10 minutes based on feedback pro-
vided by a sensor regarding target nerve stimulation or
habituation.

In some embodiments, once tetany is detected in a patient,
indicating that a threshold frequency of the applied stimu-
lation has been reached, the strength of the applied stimu-
lation is automatically or manually decreased.

In some embodiments, electrical stimulation is provided
by delivering a cycle comprising a preset number of pulses
followed by a pause in stimulation, followed by a preset
number of pulses, and repeating the cycle as necessary.

In some embodiments, the device is used to treat migraine
pain.

Other features and advantages will appear hereinafter.
The features and elements described herein can be used
separately or together, or in various combinations of one or
more of them.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings constitute a part of this specification and
include exemplary embodiments of the invention, which
may be embodied in various forms. It is to be understood
that in some instances various aspects of the embodiments
may be shown exaggerated or enlarged to facilitate an
understanding of the embodiments.

FIG. 1 is a schematic view of an apparatus for magnetic
induction therapy according to a first variation.

FIG. 2 is a schematic view of an apparatus for magnetic
induction therapy according to a second variation.

FIG. 3 is a schematic view of an apparatus for magnetic
induction therapy according to a third variation.

FIG. 4 is a schematic view of an apparatus for magnetic
induction therapy according to a fourth variation.

FIG. 5 is a schematic view of an apparatus for magnetic
induction therapy according to a fifth variation.

FIGS. 6A-6D are schematic illustrations depicting a first
method of use of an apparatus for magnetic induction
therapy. This method is based on adjusting the position of
the conductive coils so to optimize a magnetic flow applied
to a target nerve.
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FIGS. 7A-7D are schematic illustrations of a second
method of use of an apparatus for magnetic induction
therapy. This method is based on locking the conductive
coils in position once electrical conduction in a target nerve
has been detected.

FIG. 8 is a schematic view of a variation that includes a
plurality of sensors.

FIGS. 9A-9D are schematic representations of different
garments adapted to operate as apparatus for magnetic
induction therapy.

FIG. 10 is a schematic view of an apparatus for providing
electrical stimulation.

FIG. 11 is a schematic view of another variation of an
apparatus for providing electrical stimulation.

FIG. 12 shows a schematic view of an energy emitting
system including a microneedle patch sensor.

FIG. 13-15 shows magnified bottom views of variations
of microneedle patches.

FIGS. 16-17 shows magnified side views of variations of
a microneedle patch.

FIG. 18 shows a magnified bottom perspective view of a
microneedle patch.

FIG. 19 shows a representative cross sectional view of the
skin composed of an outer stratum corneum covering the
epidermal and dermal layers of skin and the underlying
subcutaneous tissue, with a variation of a microneedle patch
attached thereto.

FIG. 20a shows a magnified side view of a variation of a
microneedle patch including multiple electrodes.

FIG. 2056-20D show variations of a microneedle patches
including multiple electrodes.

FIG. 21 shows a schematic view of an energy emitting
system including a microneedle patch sensor placed behind
a subject’s knee.

FIGS. 22-23 show schematic views of energy emitting
systems including an electrode needle and sensor.

FIGS. 24-25 show schematic views of energy emitting
systems including an electrode needle without a sensor.

FIG. 26 shows a schematic view of an energy emitting
system including a microneedle patch for providing stimu-
lation.

FIGS. 27-28 show schematic views of energy emitting
systems including an electrode needle and microneedle
patch for providing stimulation.

FIG. 29a-29d show a prospective, side, top and rear views
of an energy emitting device in the form of a foot cradle.

FIGS. 30a-305 show schematic views of an energy emit-
ting device in the form of a knee support.

FIGS. 31a-31b shows a schematic view of a variation of
an arm applicator and a foot, knee or leg applicator.

FIG. 32 shows a schematic view of a variation of a back
applicator.

FIG. 33 shows a schematic view of a variation of a system
including a back applicator, a sensor and logic controller.

FIG. 34 shows a schematic view of system including
multiple back applicators, a sensor and logic controller.

FIG. 35 shows a schematic view of a variation of a system
including a back applicator held on a patient’s body by an
ergonomic positioning element in the form of a belt and a
logic controller.

FIG. 36 shows a schematic view of a variation of an
applicator designed to stimulate a nerve responsible for
phantom or neuropathic pain.

FIG. 37 shows a schematic view of a variation of a facial
neuralgia applicator.
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FIG. 38 shows a schematic view of a variation of an
applicator which may be placed over the occipital nerve for
the treatment of migraines.

FIG. 39 shows a schematic view of a variation of an
applicator which may be placed over the frontal cortex for
the treatment of depression.

FIG. 40 shows a schematic view of a variation an appli-
cator in the form of a stimulator coil platform for positioning
one or more coils in proximity to a knee or popliteal nerve.

FIG. 41 shows a schematic view of a system including a
variation of a back applicator held on a patient’s body by an
ergonomic positioning element in the form of a shoulder
harness, a sensor, and a logic controller.

FIGS. 42A and 42B show an example of how the amount
of stimulator power required to achieve a desired stimulus
may be automatically adjusted as a result of fibroses.

FIGS. 43A and 43B show variations of a coil device
positioned on a skull.

FIG. 44 shows a view of the underside or glabrous surface
of the foot and exemplary sites for delivering electrical
stimulation.

FIG. 45 shows a perspective view of one variation of an
insole for delivering electrical stimulation over a glabrous
surface of the foot.

FIG. 46 shows a perspective view of a variation of an
insole for delivering electrical stimulation over a glabrous
surface of the foot, including a sensor feedback feature.

FIG. 47 shows a perspective view of one variation of
electrodes for delivering electrical stimulation over a gla-
brous surface of a foot.

FIG. 48 shows a perspective view of one variation of a
hand applicator for delivering electrical stimulation over a
glabrous surface of a hand.

FIG. 49 shows a perspective view of one variation of
electrodes for delivering electrical stimulation over a gla-
brous surface of a hand.

FIG. 50 shows an example of an EMG reading.

FIG. 51A shows the anterior or palmar view of the
forearm and the Ulnar nerve.

FIG. 51B shows the anterior view of the cutaneous
distribution of the Ulnar nerve.

FIG. 51C shows the posterior view of the cutaneous
distribution of the Ulnar nerve.

FIG. 52 shows a close up view of the Ulnar nerve and its
branches including the palmar branch.

FIG. 53 shows a close up palmar view of the palmar
branch of the Ulnar nerve including the area of sensation.

FIG. 54 A shows an anterior view of the Median nerve of
the forearm including the Median nerve’s palmar branch.

FIG. 54B shows the anterior or palmar view of the
Median nerve’s cutaneous innervation.

FIG. 54C shows the posterior or dorsal view of the
Median nerve’s cutaneous innervation.

FIG. 55 shows a close up anterior or palmar view of the
Median nerve’s palmar branch in the hand and its area of
sensation.

FIG. 56 A shows the anterior view of the forearm includ-
ing the Median and Ulnar and their respective palmar
branches.

FIG. 56B shows the anterior or palmar view and the
posterior or dorsal view of the distribution of the cutaneous
nerves.

FIGS. 56C-56F show branches of the Tibial nerve, elec-
trode placement and innervation of the plantar portion of the
foot.

FIG. 57 is a diagram showing a mapping of the human
cortex as laid out against the various lobes.
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FIGS. 58, 59A and 59B illustrate how different areas of
the human body take up different cortical “real estate” of the
somatosensory cortex.

FIG. 60A shows an exploded view of the external gen-
erator or controller that can be used in some embodiments of
the present invention.

FIG. 60B shows the external generator/controller in FIG.
60A in a non-exploded view.

FIG. 60C shows another embodiment of a generator/
controller.

FIG. 60D shows four exemplary patch electrodes that are
suitable to use with the present invention.

FIG. 61A shows electrodes designed for the palmar sur-
face of the hands along with F/M wave detecting electrodes.

FIGS. 61B-61G show electrodes with different types for
stimulating different nerves.

FIG. 62 shows a pulse train of one embodiment.

FIG. 63 shows an M-Wave and F-Wave display.

FIG. 64 shows results from a migraine study.

FIG. 65 is a block diagram of a data processing system.

DETAILED DESCRIPTION

In certain variations, various apparatus and methods for
providing magnetic induction therapy or electrical stimula-
tion therapy are provided. In certain variations, various
apparatus and methods may provide for central and periph-
eral nerve and other tissue modulation or stimulation thera-
pies, including both excitation and blocking of nerve
impulses. In certain variations, a low frequency induction
therapy may be performed. In certain variations, these
apparatus and methods may be useful in the treatment and
prevention of urinary incontinence (UI), overactive bladder
(OAB) and other conditions.

In certain variations, apparatus and methods for magnetic
induction therapy, in which dosage of magnetic energy can
be regulated according to conduction in a target nerve
exposed to the magnetic field are provided.

In certain variations, apparatus and methods for magnetic
induction therapy, in which the flow of magnetic energy can
be adjusted directionally by the patient or a healthcare
provider without altering the position of a housing contain-
ing conductive coils that produce the magnetic field are
provided.

In certain variations, apparatus and methods for treating a
variety of ailments by providing energy to a target nerve, for
example magnetic energy, electrical energy or ultrasound
energy, at a location and in an amount optimized by detect-
ing conduction in the target nerve are provided.

In certain variations, an energy emitting apparatus for
delivering a medical therapy that includes one or more
energy generators, a logic controller electrically connected
to the one or more energy generators, and one or more
sensors for detecting electric conduction in a target nerve,
which are connected to the logic controller is provided. The
one or more energy generators produce energy focused on
the target nerve upon receiving a signal from the logic
controller, and the applied energy is varied by the logic
controller according to an input provided by the one or more
sensors based on electric conduction in the target nerve. The
feedback provided by the sensors to the logic controller
about the efficacy of the applied treatment causes the logic
controller to modulate the current transmitted to the coils.

The applied energy may be a magnetic field, an electrical
field, an ultrasound, a visible light, or an infrared or an
ultraviolet energy. When a magnetic field is applied, the
energy-emitting device is an apparatus that provides a mag-
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netic induction therapy and that includes one or more
conductive coils disposed in an ergonomic housing. A logic
controller is electrically connected to the one or more coils,
and one or more sensors detect electric conduction in the
target nerve and are connected to the logic controller so to
provide a feedback to the logic controller. The conductive
coils receive an electric current from the logic controller and
produce a magnetic field focused on a target nerve, and the
electric current fed by the logic controller is varied by the
logic controller according to an input provided by the
sensors, thereby causing amplitude, frequency or direction
of the magnetic field, or the firing sequence of the one or
more coils, to be varied according to the efficiency of the
treatment provided to the target nerve. In certain variations,
the housing containing the conductive coils may be a
flexible wrap, a cradle or a garment, and the coils may be
overlapping and/or be disposed in different positions within
the housing, so to generate a magnetic field on different body
parts with the desired direction and amplitude.

The one or more coils may be stationary or movable
within the housing, making it possible to optimize the
direction of magnetic flow to the target nerve by disposing
the coils in the most effective direction. In different varia-
tions, the coils may be movable manually by acting on a
knob, lever, or similar type of actuator, or may be translated
automatically by the logic controller in response to the input
provided by the sensors. When a preferred position for the
coils has been established, the coils may be locked in
position and maintain that position during successive
therapy sessions. In other variations, the sensors may be
incorporated within the housing, or instead may be disposed
on a body part of interest independently of the housing.

In still other variations, the inductive coils are disposed in
a housing that is situated externally to a patient’s body, and
additional inductive coils are implanted into the body of the
patient and are magnetically coupled to the external induc-
tive coils. With this coil arrangement, energy may be trans-
mitted from the external coils to the internal coils either to
recharge or to activate an implantable device. In yet other
variations, the electric current may varied by the logic
controller both on the basis of an input provided by the one
or more sensors and also an input provided by the patient
according to a muscular response she has perceived, for
example, the twitching of a toe after application of the
magnetic field.

In yet other variations, the source of energy for nerve
stimulation may be electrical energy and nerve conduction
may be detected at a site sufficiently distant from the site of
stimulation, so to enable detection of nerve conduction
despite any interference from the direct electrical stimuli. In
these variations, direct electrical stimulation of nerve and
muscle may be tailored to provide optimal therapy and, in
the case of electrode migration or other electrode malfunc-
tion, to report lack of stimulation of the bodily tissues.
Furthermore, these variations enable a reduction in power
requirement, because control of the signal is provided by the
sensor to the signal generator loop.

In other variations, an energy emitting system for provid-
ing a medical therapy is provided. The system may include
one or more conductive coils disposed within or along a
housing and configured to generate a magnetic field focused
on a target nerve in proximity to coils; one or more sensors
in the form of microneedle patch configured to detect
electrical conduction in the target nerve; and a controller
coupled to the conductive coils and optionally in commu-
nication with the sensor.
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In other variations, an energy emitting system for provid-
ing a medical therapy is provided. The system may include
one or more microneedle patches having one or more
microneedle arrays deposited on a surface of one or more
electrodes and configured to generate or deliver an electrical
or magnetic stimulus or field focused on a target nerve in
proximity to the microneedle patch; one or more sensors
configured to detect electrical conduction in the target nerve;
and a controller coupled to the conductive coils and option-
ally in communication with the sensor. Optionally, the above
variations may incorporate an electrode needle. Optionally,
the above variations or systems may be utilized without a
sensor or mechanism for detecting conduction or stimula-
tion.

Methods of use of the above apparatus, systems and
variations thereof for treating various conditions are also
described herein.

Referring first to FIG. 1, a first variation includes a coil
wrap 20, which is depicted as disposed over ankle 22
circumferentially to surround a portion of tibial nerve 24.
Because tibial nerve 24 is targeted, this variation is particu-
larly suited for the treatment of OAB and VI. In other
variations, coil wrap 20 may be configured to surround other
body parts that contain a portion of tibial nerve 24 or of other
nerves branching from or connected to tibial nerve 24, still
making these variations suitable for treating OAB and VI. In
still other variations, coil wrap 20 may be configured for
surrounding body parts that contain other nerves when
treatments of other ailments are intended.

Coil wrap 20 may be manufactured from a variety of
materials suitable for wearing over ankle 22. Preferably, coil
wrap is produced from a soft, body-compatible material,
natural or synthetic, for example, cotton, wool, polyester,
rayon, Gore-Tex®, or other fibers or materials known to a
person skilled in the art as non-irritating and preferably
breathable when tailored into a garment. Coil wrap 22 may
even be manufactured from a molded or cast synthetic
material, such as a urethane gel, to add extra comfort to the
patient by providing a soft and drapable feel. Additionally,
coil wrap 20 may be produced from a single layer of material
or from multiple material layers and may include padding or
other filling between the layers.

Coil wrap 20 contains one or more conductive coils 26
arranged to produce a pulsed magnetic field that will flow
across tibial nerve 24 and generate a current that will flow
along tibial nerve 24 and spread along the length of tibial
nerve 24 all the way to its sacral or pudendal nerve root
origins. Coils 26 may be a single coil shaped in a simple
helical pattern or as a FIG. eight coil, a four leaf clover coil,
a Helmbholtz coil, a modified Helmholtz coil, or may be
shaped as a combination of the aforementioned coils pat-
terns. Additionally, other coil designs beyond those men-
tioned hereinabove might be utilized as long as a magnetic
field is developed that will encompass tibial nerve 24 or any
other target nerve. When a plurality of coils is utilized, such
coils may be disposed on a single side of ankle 22, or may
be disposed on more than one side, for example, on opposing
sides, strengthening and directionalizing the flow of the
magnetic field through tibial nerve 24 or other peripheral
nerves of interest.

Coil wrap 20 is preferably configured as an ergonomic
wrap, for example, as an essentially cylindrical band that can
be pulled over ankle 22, or as an open band that can be
wrapped around ankle 22 and have its ends connected with
a buckle, a hoop and loop system, or any other closing
system known to a person skilled in the art. By properly
adjusting the position of coil wrap 20 over ankle 22, a patient
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or a health care provider may optimize the flow of the
magnetic field through tibial nerve 24, based on system
feedback or on sensory perceptions of the patient, as
described in greater detail below.

The electric current that produces the magnetic field by
flowing through coils 26 is supplied by a programmable
logic controller 28, which is connected to coils 26, for
example, with a power cord 32. A sensor 30 that feeds
information to logic controller 28 is also provided, in order
to tailor the strength of the magnetic field and control
activation of coils 26 based on nerve conduction. The
purpose of sensor 30 is to detect and record the firing of the
target nerve and to provide related information to logic
controller 28, so to render the intended therapy most effec-
tive. For example, sensor input may cause logic controller
28 to alter the strength or pulse amplitude of the magnetic
field based on sensor input, or fire the coils in a certain
sequence.

In this variation, as well as in the other variations
described hereinafter, sensor 30 may include one or more
sensor patches and may be placed at different distances from
the region of direct exposure to the magnetic field. For
example, sensor 30 may be configured as a voltage or
current detector in the form of an EKG patch and may be
placed anywhere in the vicinity of the target nerve to detect
its activation. For ease of description, the term “coils” will
be used hereinafter to indicate “one or more coils” and
“sensor” to indicate “one or more sensors,” unless specified
otherwise.

By virtue of the above described arrangement, coil wrap
20 provides a reproducibly correct level of stimulation
during an initial therapy session and during successive
therapy sessions, because the presence or absence of nerve
conduction is detected and, in some variations, measured
when coil wrap 20 is first fitted and fine-tuned on the patient.
In addition to properly modulating the applied magnetic
field, the positioning of coils 26 over ankle 22 may also be
tailored according to the input provided by sensor 30, so to
fine-tune the direction of the magnetic field. Such an adjust-
ment of the direction, amplitude, and level of the stimulation
provided to the target nerve through the above described
automated feedback loop, to ensure that peripheral nerve
conduction is being achieved, is one of the key features.

If the magnetic pulse does not substantially interfere with
sensor 30, sensor 30 may be placed directly within the field
of stimulation, so that power supplied to the system may be
conserved. This is particularly important for battery-pow-
ered systems. Alternatively, sensor 30 may also be placed at
a distance from the magnetic field and still properly detect
neural stimulation.

In a method of use of coil wrap 20, the amplitude and/or
firing sequence of coils 26 may be ramped up progressively,
so that the magnetic field is increased in strength and/or
breadth until nerve conduction is detected, after which the
applied stimulus is adjusted or maintained at its current level
for the remainder of the therapy. The level of stimulation
may be also controlled through a combination of feedback
from sensor 30 and feedback based on perceptions of the
patient. For example, the patient may activate a switch once
she perceives an excessive stimulation, in particular, an
excessive level of muscular stimulation. In one instance, the
patient may be asked to push a button or turn a knob when
she feels her toe twitching or when she experiences par-
esthesia over the sole of her foot. The patient will then
continue pressing the button or keep the knob in the rotated
position until she can no longer feel her toe twitching or
paresthesia in her foot, indicating that that level of applied
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stimulation corresponds to an optimal therapy level. From
that point on, the patient may be instructed to simply retain
her foot, knee, or other limb within coil wrap 20 until
therapy has been terminated while the system is kept at the
optimal level. Adding patient input enables control of coil
wrap 20 during outpatient treatments, because the patient is
now able to adjust the intensity of the magnetic field herself
beyond the signals provided to logic controller 28 by sensor
30.

Detecting and, if the case, measuring conduction in one or
more nerves along the conduction pathways of the stimu-
lated nerve confirms that the target nerve has been stimu-
lated, providing an accurate assessment of the efficiency of
the applied therapy on the patient. A concomitant detection
of' muscle contraction may also confirm that the target nerve
is being stimulated and provide an indication to the patient
or to a healthcare provider as to whether stimulation has
been applied at an excessive level in view of the anatomical
and physiological characteristics of the patient.

Based on the foregoing, coil wrap 20 allows for a con-
sistent, user-friendly targeting and modulation of the periph-
eral nerves via the posterior tibial nerve on an outpatient
basis, in particular, the targeting and modulation of the
pudendal nerve and of the sacral plexus. When multiple coils
26 are present, coils 26 may be activated simultaneously or
differentially to generate the desired magnetic field. The
direction and location of each of coils 26 may be reversibly
or irreversibly adjusted by the healthcare provider or by the
patient, customizing the location of the applied stimulation
to the anatomy and therapy needs of each patient. After a
healthcare provider has optimized position and firing
sequence for each of coils 26, the patient may be sent home
with coil wrap 20 adjusted to consistently target the desired
nerve. In one variant of the present variation, an automatic
feedback system adjusts one or more of firing sequence,
firing strength or position of coils 26 within coil wrap 20
during the initial setup and also during successive therapy
sessions.

In summary, certain variations include the creation of a
loop consisting of feeding information on nerve conduction
to logic controller 28 and on logic controller 28 tailoring the
electrical current sent to coil wrap 20 according to the
information received from sensor 26 based on whether or
not the nerve is receiving the desired stimulation and, in
some variations, the desired amount of stimulation. This
arrangement offers an unparalleled level of therapy control
and flexibility within a home care setting, because a con-
sistent, repeatable stimulation of the target nerve can be
attained. Aside from adjusting the position of coils 26 in
accordance with the patient’s anatomy and physiological
variations, controlling pulse amplitude is also of great
importance even during different therapy sessions with the
same patient. For example, a patient with leg edema will
encounter difficulties in properly adjusting coil wrap 20
based on whether her legs and ankles are swollen or not
swollen, and the power required to penetrate to posterior
tibial nerve 24 (in the case of a VI therapy) will vary greatly
due to the variable depth of the nerve. Thus, having feedback
provided by sensor 26 becomes a necessity for achieving an
accurate dosage of the treatment rather than an option.
Benchtop testing has demonstrated that a system constructed
as described herein is capable of non-invasively generating
electrical currents similar to those found in therapeutic
electrostimulation and to do so in different settings.

Referring now to FIG. 2, a second variation will be
described with reference to a coil wrap 34 disposed over
ankle 36 for the purpose of treating VI by targeting tibial
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nerve 38. In this second variation, one or more Helmholtz
coils 40 are disposed within coil wrap 34 to create a more
narrowly directed magnetic field over tibial nerve 38. Like
in the all other variations described herein, more than one
coil (in the present variation, more than one Helmholtz coil
40) may be placed within coil wrap 34 and be disposed in
different positions within coil wrap 34, in order to optimize
magnetic flux over tibial nerve. For example, two Helmholtz
coils may be disposed one opposite to the other within coil
wrap 34.

Having coil windings arranged along a common longitu-
dinal axis, as required in a Helmholtz coil configuration,
generates a more focused magnetic field and a more accurate
targeting of tibial nerve 38 or of any other nerve. Like in the
previous variation, the operation of coils 40 is controlled by
a logic controller 42, which is in turn connected to sensor 44
that monitors conduction in tibial nerve 44 and that gener-
ates a feedback to logic controller 42 about the efficiency of
the therapy in progress. Therefore, like in the previous
variation, the coupling of sensor 44 with logic controller 42
optimizes operation of coil wrap 34 according to results
measured at the level of tibial nerve 38. Also like in the
previous variation, manual adjustments to the parameters of
electric current provided by logic controller 42 to Helmholtz
coil 40 may also be made manually by the patient or by a
healthcare provider, and coil wrap 34 may be structured so
that the position of Helmholtz coil 40 within coil wrap 34 is
adjusted as desired either manually by the patient or by a
healthcare provider, or automatically by logic controller 42.

Referring now to FIG. 3, a third variation includes a coil
wrap 46 configured for wrapping over the popliteal fossa of
a patient, in the region of the knee, to stimulate the posterior
tibial nerve (not shown). The configuration and structure of
coil wrap 46 reflect the body portion covered by coil wrap
46, but the key system components of coil wrap 46, such as
the type, number and disposition of the coils (for example,
the use of overlapping coils); the connections of the coils
with a logic controller; and the use of one or more sensors
(also not shown) to detect nerve conduction are all compa-
rable to those in the previously described variations.

Referring now to FIG. 4, a fourth variation includes a
footrest or foot cradle 48, which is structured to contain at
least a portion of a foot 50. One or more coils 52 are
enclosed within cradle 48, and a sensor 54 is disposed along
the pathway of tibial nerve 55, sensing conduction in tibial
nerve 55, and is also connected to a logic controller 56. Coils
52, sensor 54 and logic controller 56 may be arranged in
different configurations, in the same manner as in the
preceding variations.

Cradle 48 may be made from a variety of materials and
may be monolithic, or have a hollow or semi-hollow struc-
ture to enable the movement of coils 52 within cradle 48, as
described in greater detail below. Preferably, cradle 48 has
an ergonomically design allowing the ankle and heel of the
patient to be retained within cradle 48, in a position that
matches the positions of stimulating coils 52 to the area of
stimulation. The design of cradle 48 provides for a particu-
larly comfortable delivery of therapy to patients that prefer
to remain seated during their therapy, and enables the patient
to perform the required therapy within a health care facility,
or to take cradle 48 home, typically after an initial session
and appropriate training in a health care facility. In that
event, the patient will be trained to apply sensor 54 autono-
mously and to adjust stimulation to a comfortable level.

FIG. 4 shows coils 52 disposed as overlapping and the use
of a single sensor patch 54 positioned proximally to the
stimulation site. However, coil 52 may be configured as a
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single coil, a FIG. eight coil, a four leaf clover coil, a
Helmholtz coil, a modified Helmholtz coil or a any combi-
nation of the aforementioned coils, or as any other coil
design providing an effective stimulation to the target nerve.
In addition, coils 52 may be fired individually, sequentially
or simultaneously according to the feedback provided by
sensor 54.

In one variant of this variation, sensor 54 may include a
conductive electrode patch that provides a feedback to logic
controller 56 for adjusting, if necessary, the stimulation
parameters of coils 52. Alternatively, sensor 54 may be a
sensor patch that is either applied to the skin of the patient
or is incorporated within the structure of cradle 48.

Referring now to FIG. 5, a fifth variation includes a knee
rest or knee cradle 58 that contains one or more conductive
coils 60, one or more sensors 62 and a logic controller 64.
The components of this variation are similar to those
described with reference to the preceding variations, as
regards the structure and materials of cradle 58, the nature
and disposition of coils 60, the type and operation of sensor
62, and the function and operation of logic controller 64.
Cradle 58 is configured to target the popliteal fossa of the
patient, thus to target tibial nerve 66. In that respect, the
present variation is similar to the variation illustrated in FI1G.
3, but while the variation of FIG. 3 is configured as a wrap
that may be worn while the patient is standing, the present
variation is configured as a cradle that is more suited for
treatment while the patient is sitting or laying down.

A method of use of the foot cradle depicted in FIG. 4 is
described with reference to FIGS. 6 A-6D. During a first step
illustrated in FIG. 6A, foot 68 is disposed in cradle 70 that
contains one or more conductive coils 72, which are con-
nected to a logic controller (not shown) that manages the
flow of electric power to coils 72.

During a second step illustrated in FIG. 6B, a sensor 74
is disposed on foot 68 or on ankle 76 or on another
appropriate portion of the patient’s body, in order to detect
conductivity in tibial nerve 78 or in another target nerve.

During a third step illustrated in FIG. 6C, a healthcare
provider analyzes conductivity measurements provided by
sensor 74 (for example, by reading gauge 77) and first
adjusts the positioning of coils 72 until conduction in nerve
78 is detected. For example, the healthcare provider may
rotate a knob 80, slide a lever or actuate any other displace-
ment system for coils 72 that is known in the art, so that coils
72 are translated until a magnetic field of the proper ampli-
tude and intensity is applied to cause conduction in nerve 78.
The position of coils 72 is then fine-tuned manually until an
optimal level of conduction in nerve 78 is attained, and the
therapy is continued for a length of time as prescribed by the
attending healthcare provider.

During a fourth, optional step illustrated in FIG. 6D,
settings for successive therapy sessions are set, for example
by locking knob 80 (in one variation, with a pin 81) so that
the healthcare provider or the patient repeat the therapy
using the predetermined settings. Alternatively, the patient
may be trained to adjust the amplitude and/or strength of the
applied magnetic field, as each therapy session requires.

While the present method has been described with regard
to foot cradle 70, the same method steps may be envisioned
for coil wraps or cradles of different configurations, for
example, for the coil wraps and cradles described with
reference to the previous FIGS.

In an alternative variation, the logic controller (not
shown) may automatically adjust coil positioning to opti-
mize therapy during the initial and successive sessions.
While this set-up may be more difficult to implement, it also



US 10,786,669 B2

15

provides for an accurate targeting of the target nerve during
each therapy session, regardless of alterations in patient
positioning or changes to the anatomy of the patient (for
example, when a foot is swollen). In this variation, the
device simply varies the orientation of coils 84 until stimu-
lation has been sensed.

Further, coils 84 may be translated along a single direction
(for example, horizontally) or along a plurality of directions,
to provide for the most accurate positioning of coils 84 with
respect to the target nerve.

A second method of use of the foot cradle depicted in FIG.
4 is described now with reference to FIG. 7. While this
second method is also described with reference to a foot
cradle 82 employing one or more coils 84 that have a
reversibly lockable, adjustable orientation, the present
method may be equally implemented with a body-worn coil
wrap, such as those described with reference to the previous
FIGS., or to other variations. In this method, the patient or
the healthcare provider adjusts the positioning of coils 84 to
detect conductivity in target nerve 89.

The position of coils 84 may be translated in different
directions (in the illustrated variation, may be translated
horizontally) and may be locked in an initial position once
conduction in nerve 89 is detected by a sensor (for example,
sensing patch 86).

More particularly, FIG. 7A illustrates the initial position-
ing of foot 88 into cradle 82 and of sensor patch 86 on ankle
90 or other appropriate body part of the patient. After proper
positioning of foot 88 is attained, a knob 92 (or other
equivalent device) may be employed to adjust the position of
coils 84, based on the signals (for example, nerve conduc-
tion signals) provided by sensor patch 86, as shown in FIG.
7B.

With reference to FIG. 7C, after neural conduction is
detected, coils 84 are locked in place, and, with further
reference to FIG. 7D, foot cradle 82 retains coils 84 locked
in position for further use in a home or healthcare office
environment. Therefore, in the present method, the patient or
a healthcare provider simply adjusts coil position by sliding
coils 84 back and along one axis until electric conduction in
the target nerve is detected, although adjustments along all
three axes may be possible in different variants of the present
variation.

Referring now to FIG. 8, a sixth variation relates to the
use of multiple sensors. While FIG. 8 depicts a variation
shaped as a foot cradle 98, it should be understood that the
following description also relates to any other design,
whether shaped as a cradle or a wrap or otherwise. The
plurality of sensors 94 described herein may detect a variety
of physiologic changes, including neural impulses, muscular
contraction, twitching, etc. that may occur with neural or
muscular stimulation.

One or more of the illustrated sensors 94 may be
employed over body regions being stimulated (for example,
back, leg, arm, neck, head, torso, etc.) and may be either
incorporated within an actual cradle or wrap or, otherwise,
be applied separately from the cradle or the wrap.

Sensors 94 may be structured as disposable, single-use,
EKG-type patches that are attached to the body outside of
cradle 98 along the nerve conduction pathway and are then
connected to the logic controller (not shown) before begin-
ning therapy. This arrangement provides for an intimate
body contact of sensors 94 without the risk of infection or
other detrimental side effects that may be present with
transcutaneous devices. Sensors 94 may be employed both
for beginning and for monitoring the stimulation therapy;
more specifically, sensors 94 may be employed during the
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beginning of the therapy to optimize the strength of the
magnetic field and/or to adjust the positioning of coils 96
within the cradle 98. Once therapy has begun, sensors 94
continue to monitor nerve conduction to ensure that the
correct level of stimulation is being provided. In the event
that for some reason nerve conduction decays during
therapy, the logic controller can automatically adjust the
magnetic field, ensuring that the appropriate therapy is
delivered for the appropriate amount of time.

One or more of sensors 94 in this variation, or any of the
variations described herein, may take the form of an induc-
tive coil designed to receive impulses from the underlying
nerves, so that inductive technologies may be used to both
stimulate the nerve or tissues as well as to record the effect
of the stimulation on nerves or tissues. Any of sensors 94
may be connected to the logic controller through one or
more connection modes, including, but not limited to, wire-
less signals, wired signals, radio frequencies, Bluetooth®
(Bluetooth Sig, Inc., Kirkland, Wash.), infrared, ultrasound,
direct switching of the current circuit, etc., so long as
communication between the sensor and the device is effec-
tive.

During implementation of the present method, a health-
care provider may simply elect to use sensors 94 to adjust
the device, for example, to lock coils 96 into position, during
the first therapy session and not require the use of sensors 94
during each successive therapy session.

Referring now to FIGS. 9A-9D, there are shown different,
non-limiting variations shaped as body worn ergonomic
applicator garments. Each of these variations is shown with
overlapping coils, although coils of any configurations may
be used. Each of the wraps of FIGS. 9A-9D corresponds to
a coil wrap, into which a body part may be placed. These
garments contain one or more sensors (not shown) that
provide feedback to a logic controller (also not shown), or
sensors may be applied separately from those garments.
Systems may also be included for reversibly or irreversibly
locking the coils within the applicator.

More particularly, FIG. 9A illustrates a variation, in which
coils 100 are embedded in a knee wrap 102 and are con-
nected to a logic controller (not shown) by a connector 104.
FIG. 9B instead illustrates a variation, in which coils 106 are
disposed within an abdominal garment, for example shorts
108 and in which coils 106 are also connected to a logic
controller (not shown) by a connector 110. A marking 112
may be added on one side of shorts 108 to indicate wrap
orientation. FIG. 9C illustrates a coil wrap shaped like a
band 114, in which coils 116 are connected to a logic
controller (not shown) by a connector 118. When this
variation is employed, band 114 may be wrapped around a
body portion (for example, an arm) and be retained in place
by a system known in the art, for example, a hook and loop
system, a strap and buckle system, or simply a hook dis-
posed at one end of band 114 for engaging fabric or other
material in another portion of band 114. FIG. 9D illustrates
a variation shaped as a shoulder strap 120, the length of
which may be adjusted by a buckle 122 and which has coils
124 disposed in one or more points, for example, at the joint
between an arm and a shoulder as shown. Each of these
variations includes one or ore sensors (not shown) that may
be coupled to the garment, or that may be applied separately
from the garment.

Other variations that are not illustrated include, bur are
not limited to: a head worn garment, such as a cap; a neck
worn garment, such as a neck brace; and a lower-back
garment. Each garment and applicator may also utilize the
locking, targeting coil feature described previously, without
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requiring the use of the any sensing components after a
proper positioning of the coils in relation to the target nerve
or nerves has been established.

Still other variations are depicted in FIGS. 10 and 11. In
these variations, the source of energy for nerve stimulation
is electrical energy that is dispensed through a percutaneous
stimulator, such as a percutancous needle 124, or a trans-
cutaneous stimulator, such as an electrode 126. As shown in
FIG. 10, an electrical pulse controller 128 is electrically
connected both to percutaneous needle 124 and to sensor
134, to provide the desired feedback and modulate the power
to percutaneous needle 134. In the variation of FIG. 11,
electrical pulse controller 130 is connected both to electrode
126 and to sensor 136, and performs a function similar to
that of electrical pulse controller 128. With these variations,
nerve conduction may be detected at a site sufficiently
distant from the site of stimulation, so to enable detection of
nerve conduction despite the confounding interference from
the direct electrical stimuli. Further, direct electrical stimu-
lation of nerve and muscle may be tailored to provide
optimal therapy and, in the case of electrode migration or
other electrode malfunction, to report lack of stimulation of
the bodily tissues. Still further, these variations enable a
reduction in power requirement, because control of the
signal is provided by the sensor to the signal generator loop.

As shown, a device constructed according to the prin-
ciples described herein provides a targeted and precise
stimulation of the posterior tibial nerve, or of other periph-
eral nerves, in a non-invasive manner by employing an
ergonomic wrap or cradle that specifically targets the pos-
terior tibial nerve in a consistent and repeatable manner. For
example, in patients with OAB or VI, the novel, reversibly
lockable movement of the coils and the use of a logic
controller-sensor loop enables the application of a magnetic
field that can be varied in location, amplitude and strength
according to the amount of stimulation actually induced in
one or more target nerves and of the response of the patient
to the therapy. An apparatus according to the variations
described herein may deliver any frequency of stimulation,
including low frequencies, high frequencies, mid frequen-
cies and ultrahigh frequencies, and overlapping and non-
overlapping coils may be used to generate the desired field,
although overlapping or Helmholtz coils are preferred due to
their ability to target a broader region and achieve more
thorough stimulation.

Ailments that may be treated through the use of apparatus
and methods as described herein include not only OAB and
V1, but also obesity, depression, urinary incontinence, fecal
incontinence, hypertension, pain, back pain, restless leg
syndrome, Guillain Barre syndrome, quadriplegia, paraple-
gia, diabetic polyneuropathy, dyskinesias, paresthesias, den-
tal procedure pain, knee osteoarthritis, anesthesia (pain relief
during surgery), Alzheimer’s disease, angina (chest pain
from heart disease), ankylosing spondylitis, back pain, burn
pain, cancer pain, chronic pain, dysmenorrhea (painful men-
struation), headache, hemiplegia, hemiparesis (paralysis on
one side of the body), labor pain, local anesthesia during
gallstone lithotripsy, facial pain, trigeminal neuralgia, brux-
ism (tooth grinding) pain, myofascial pain, pregnancy-re-
lated nausea or vomiting, neck and shoulder pain, pain from
broken bones, rib fracture or acute trauma, diabetic periph-
eral neuropathy, phantom limb pain, post-herpetic neuralgia
(pain after shingles), postoperative ileus (bowel obstruc-
tion), irritable bowel syndrome, postoperative nausea or
vomiting, postoperative pain, post-stroke rehabilitation,
rheumatoid arthritis, skin ulcers, spinal cord injury, tem-
poromandibular joint pain, detrusor instability, spinal mus-
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cular atrophy (in children), pain during hysteroscopy, gas-
troparesis, chronic obstructive pulmonary disease
rehabilitation, carpal tunnel syndrome, soft tissue injury,
multiple sclerosis, intermittent claudication, attention-deficit
hyperactivity disorder (ADHD), cognitive impairment, knee
replacement pain, achalasia, atopic eczema, bursitis, carpal
tunnel syndrome, dementia, depression, dry mouth, dysto-
nia, enhanced blood flow in the brain, enhanced blood
perfusion of the uterus and placenta, esophageal spasm,
fibromyalgia, fracture pain, Guillain-Barre syndrome,
hemophilia, herpes, hip pain, interstitial cystitis, irritable
bowel syndrome, pruritis, joint pain, labor induction, local
anesthesia, menstrual cramps, muscle cramps, muscle spas-
ticity, muscle strain or pain, musculoskeletal trauma, myo-
fascial pain dysfunction syndrome, nerve damage, osteoar-
thritis, pain medication adjunct, pancreatitis, Raynaud’s
phenomenon, repetitive strain injuries, sacral pain, schizo-
phrenia, shingles, shoulder subluxation, sickle cell anemia
pain, Skin flap ischemia (during plastic surgery), sphincter
of Oddi disorders, sports injuries, thrombophlebitis, tinnitus
(ringing in the ear), restless legs, tremor, whiplash and
neuralgias. In contrast to implantable nerve stimulators, this
therapy is completely non-invasive and does not require a
major surgery to implant a permanent nerve stimulation
device. Moreover, this therapy can be controlled to optimize
the level of therapy delivered according to power consump-
tion and nerve stimulation requirements and need not be
delivered by a professional healthcare provider.

In other variations, neural stimulation may be applied as
electrical transcutaneous stimulation, for example, by insert-
ing an invasive electrical needle into a target body part and
by modulating stimulation is modulated on the basis of
information sent back to the logic controller from the one or
more sensors that are used to detect and/or maintain the
correct level of stimulation. The transcutaneous electrical
stimulation sensor may be placed in the body independently
or be incorporated within the wrap and may provide, among
other things, feedback as to the quality of the electrical
connection to the skin, which is directly related to the burn
risk inherently associated with this type of therapy. In fact,
these methods of stimulation may not be optimal due to the
resulting skin irritation and risk of potential burns, a very
serious issue in the large percentage of patients that have
neuropathies. Even when patches are applied to monitor
transcutaneous stimulation very closely, the patches may
still become displaced and allow a burn to occur. Moreover,
potentially interfering electrical impulses may develop at the
treatment site, creating a noisy environment for the detection
of nerve conduction.

In still other variations, an external coil or coils may be
inductively connected to an implanted coil or coils may be
utilized. In these variations, an ergonomic applicator may be
adjusted by the user or by a healthcare provider such to
optimize inductive power transmission between the external
and implanted coils. One or more sensors may be utilized to
provide a feedback that the relative coil positions have been
optimized, and the external coil may then be reversibly
locked into position within the ergonomic applicator. Two
applications of this variation relate to the transfer of power
to recharge an implantable device, and to the transfer of
power to activate an implantable device.

In the first application, when an implantable rechargeable
device is utilized, the external coils may be used for recharg-
ing the implanted device by means of inductive fields
generated by the external coils. The external coils may
include circuitry that determines the amount of resistance
encountered by the magnetic field or other electrical prop-
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erties related to the quality and degree of the magnetic
coupling that is being established. Based on this feedback,
the position of the external coils may be adjusted manually
or automatically to optimize the coupling achieved with
during each recharging session. Alternatively, a sensor may
be incorporated into the implantable device and may com-
municate the degree and quality of the magnetic coupling to
the external coils and/or the connected circuitry via wireless
communication, providing a feedback for the automatic or
manual adjustment of the external recharging coils.

The coils within the ergonomic applicator may be revers-
ibly locked into place for the duration of the recharge
session, and the implantable device may also communicate
to the external recharging unit that the implantable device
has been fully recharged, terminating the recharging session
has been completed. By providing for an intermittent
recharging of an implanted device, an apparatus according
as described herein enables the implantable device to devote
more power to performing its intended function optimally
and with a lesser concern about protecting or extending
battery life.

In the second application, the powering coils may contain
circuitry to determine the amount of resistance encountered
by the applied magnetic field, or other electrical properties
that may reflect the quality and degree of the magnetic
coupling that is being achieved. Based on this feedback, the
powering coils in the applicator may be adjusted manually
or automatically to activate and optimize the coil coupling at
the beginning of each therapy session. Alternatively, a
sensor may be incorporated into the implantable device and
communicate the degree and quality of the magnetic cou-
pling externally via wireless communication, which may in
turn provide feedback for the automatic or manual adjust-
ment of the powering coil. In one variant of the present
variation, the inductive coils may be magnetically coupled
to a needle targeting the posterior tibial nerve.

An exemplary method of use of an apparatus as described
herein on a patient suffering from VI and/or OAB includes
the following steps:

The patient places a conductive wrap contained within a
flexible material over a region of the ankle (or alternatively
over the knee) to provide the required pulsed magnetic field.
Alternatively, the patient may use an ergonomic foot/leg rest
or cradle having embedded coils.

A sensor (for example, a sensor patch) is placed on the
patient’s body along the path of the nerve, ideally proximal
to the stimulation site to ensure afferent nerve stimulation,
and is connected to a logic controller.

A physician or healthcare provider adjusts the coils in the
wrap or cradle until nerve conduction is achieved based on
patient and sensor feedback. An optimal position is sought,
and the coils may be reversibly locked into position within
the conductive wrap or ergonomic cradle and remain in this
position during subsequent use.

During the therapy session, the logic controller provides
an electric current to the coils, generating an inductive
magnetic field. In one variation, this field begins at low
amplitude and slowly ramps up until nerve conduction
exceeds a threshold level, as signaled by the sensor and
possibly by the patient, who may feel motor conduction.
Alternatively, one or more coils may also be activated to
increase the covered area of stimulation in the event that
stimulation does not occur with the initial coil configuration
or is inadequate

The optimal stimulation may be determined in a variety of
manners, for example, by measuring exposure to electro-
magnetic fields capable of generating a square wave electric
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signal at a frequency of 10-30 Hz at the targeted tissue depth.
The square wave configuration of the signal may be gener-
ated via Fourier transformation or may be a ramped current
generated in any manner.

The inductive magnetic pulses continue for an appropriate
duration of use, for example, for 15-30 minutes. The sensor
may remain in place during the entire therapy session to
ensure that stimulation occurs consistently and to provide
for appropriate corrections if nerve conduction deteriorated.
The logic controller may be powered either by a portable
power source such as a battery, or by or a fixed power source
such as a traditional wall outlet.

The conductive wrap and/or ergonomic cradle is removed
from the body when therapeutic stimulation is not being
delivered, typically at the end of the therapy session.

The conductive wrap and/or ergonomic cradle is reapplied
along with the sensor patch (ideally disposable) from time to
time as indicated, for example, on a daily basis, and steps 4-8
are repeated.

The devices and methods described herein may be applied
to any body tissues, including nerve, muscle, skin, vascu-
lature, or any other organ or tissue within the human body.
Further, the devices and methods described herein may be
used to treat any conditions suited for neuromodulation
regardless of whether the stimulation source is an electro-
magnetic field, a direct electric current, a RF field, infrared
energy, visible light, ultraviolet light, ultrasound, or other
energy dispensing device.

In other variations, as shown in FIG. 12, an energy
emitting system 210 for providing a medical therapy
includes one or more conductive coils 212 disposed within
or along a housing 214, one or more sensors 216 configured
to detect electrical conduction in a target nerve or to detect
muscle stimulation, and a controller 218 connected or
coupled to the conductive coils 212 and optionally in
communication with the sensor 216. In certain variations (as
shown in FIG. 12), the controller 218 can be integral with
the housing 214). The coils 212 are configured such that an
electrical current generated by the controller 218 is passed
through the coils 212 generating a magnetic field which will
stimulate a target nerve, e.g., the tibial nerve 220, a muscle
or other body part containing a portion of a target nerve, or
any nerves branching off of a target nerve, located in
proximity to the coils 212. In this particular variation, the
housing 214 is in the form of a foot cradle, as shown in FIG.
4, however, the housing could also be in the form of a
flexible wrap, garment or other design suitable for use with
a subject. In various variations described herein, sensors
may detect voltage or current and may be connected,
coupled, wirelessly connected or coupled or otherwise in
communication with the housing and/or controller using a
variety of methods or techniques known in the art. The
sensor may be placed over a muscle to detect muscle
stimulation resulting from stimulating the target nerve (as
shown in FIG. 12) or over any other portion of the subject’s
body suitable for detecting conduction of the target nerve.
Referring to FIGS. 13 and 16, the sensor may be in the form
of a microneedle patch 228, which can be removably
attached to the skin surface of a subject. The microneedle
patch 228 may include a housing 231, having one or more
electrodes 232 and one or more microneedles 235 deposited
or arrayed on a surface of the electrode 232, forming one or
more microneedle arrays 234. In FIG. 13, microneedle patch
228 has the shape of a square, and the microneedles 235 are
arrayed on the bottom surface 236 of the electrode 232 in a
16.times.16 configuration. However, as shown in FIGS.
14-15, microneedle patches may be designed in a variety of
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shapes, e.g., round, oval 229, rectangular 230, hexagonal,
and a variety of sizes. The microneedles may be arrayed in
a variety of arrangements and patterns (e.g., 14.times.14,
12.times.12, etc.) depending on the particular use and
needles.

Additionally, microneedles may be attached, deposited, or
arrayed on an electrode surface or patch in a variety of
configurations and arrangements, depending on where the
particular microneedle patch will be utilized and the treat-
ment to be delivered. The number of microneedles included
in an array can vary. For example, the number of
microneedles may range from about 5 to 500 or 100 to 400
or about 200 to 300 or about 256. In certain variations where
microneedles are composed of strong, highly conductive
material, the number of microneedles necessary may be less
and may range from about 5 to 100 or 10 to 50 or 5 to 50.
However, where microneedles are composed of higher resis-
tance metal, a greater number of needles may be needed,
e.g., about 100 to 500 or about 200 to 300 or greater than
500.

Referring to FIG. 18, a magnified view of a microneedle
array 234 composed of one or more microneedles 235 is
shown. Microneedles 235 may include a base portion 238
and an upper portion 239. Microneedles 235 may have
lengths in the range of about 1 to 400 microns or 10 to 400
microns or preferably about 100 to 150 microns, and a
diameter in the range of about 1 to 100 microns. A
microneedle 235 may be tapered in diameter, going from a
larger to smaller diameter from the base portion 238 to the
upper portion 239 where the distal tip 240 of the
microneedle is preferably pointed or sharp. The upper por-
tion 239 of the microneedle 235 may have a diameter in the
range of about 10-30 microns or about 15 to 25 microns.
Optionally, for ease of production, the base portion 238 of
the microneedle 235 may be thicker than the distal tip 240
or upper portion 239 of the microneedle 235. In certain
variations, as shown in FIG. 17, a bulb 237 may be provided
at the distal tip 240 of a microneedle 235 to provide for
effective anchoring of the microneedle 235 in the skin of a
patient or subject. Microneedles 335 can include any num-
ber of friction or grip increasing features. For example, they
may include projections, barbs, bulbs or a roughened surface
or tip. Microneedles 235 may take on various configurations,
e.g., straight, bent, filtered, hollow or a combination of the
above.

In other variations, microneedles may have lengths that
range from about 480 to 1450 microns, widths from about
160 to 470 microns, thicknesses from about 30 to 100
microns and tip angles from about 20 to 90 degrees, and
arrays can contain from 5 to 50 microneedles. For example,
microneedles having these dimensions have been shown to
be less painful than hypodermic needles. Length and number
of microneedles can affect the level of pain experienced.
Decreasing microneedle length and/or the number of
microneedles may be beneficial and act to further reduce
pain and provide comfort.

In certain variations, the one or more microneedles may
include an electrically conductive material such that the
microneedles may transmit an electrical signal to an over-
lying electrode or other surface. Microneedles may be
constructed of an electrically conductive material and/or
coated with an electrically conductive material. Optionally,
microneedles may be coated with an electrically conductive
material and constructed of a non-conductive material.
Microneedles may be fabricated using a variety of materials,
e.g., metals, stainless steel, solid or coat of gold over NI, Pd
or Pd—Co, Pt, silicon, silicon dioxide, polymers, glass,
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biocompatible polymers, titanium, silver, or suture materi-
als. Biodegradable polymers may also be used such that if a
tip of a microneedle were to snap or break off during
insertion, it would easily biodegrade.

A microneedle array 234 may be constructed or fabricated
using any variety of manufacturing methods known to
persons of ordinary skill in the art. Microneedles may be
arrayed, attached, etched or deposited onto a surface of an
electrode. In another variation, microneedles may be etched
from or deposited onto a silicon electrode, such that the
microneedle patch, including electrode and microneedles,
are made from one material creating a durable and stable
microneedle patch.

As shown in FIG. 18, microneedles may be fabricated by
creating micron sized holes on a silicon substrate and by
using a KOH solution to create the needle shape. In other
variations, the microneedles may be made of non-conduc-
tive material but may still be utilized to provide superior
anchoring properties such that a microneedle patch may
effectively adhere or attache to a subject’s skin.

In certain variations, microneedle arrays are fabricated by
patterning SU-8 onto glass substrates and defining needle
shapes by lithography. The tips of the needles can be
sharpened using reactive ion etching. Optionally, holes may
be drilled, e.g., by laser, through the microneedles and base
substrate. Holes may be drilled off-center, but parallel to the
microneedle axis, terminating in side-opening holes along
the needle shaft below the needle tip. If desired, the holes
can serve as micro fluidic needle bores for injection or
infusion of drugs, medicines, insulin, proteins, nanoparticles
that would encapsulate a drug or demonstrate the ability to
deliver a virus for vaccinations, etc. to be used separately or
in combination with electrical or magnetic therapy. The
microneedles may also be coated with nickel by electroplat-
ing, which can increase their mechanical strength.

In certain variations, microneedle patches or microneedle
electrode arrays are made by fabricating master structures
from which replicates are molded and then made electrically
active. For example, SU-8 may be spun on a glass substrate
bearing an array mask pattern, baked, and then exposed from
the backside to from a tapered needle structure.
Microneedles may be sharpened by RIE etching. A PDMS
(polydimethylsiloxane) or similar material mold can then be
copied from the master. A PMMA (polymethylmethacrylate)
microneedle array is formed by solvent-casting and then
released from the mold.

To provide the arrays with electrical functionality, a Ti/Cu
seed layer may be deposited on the PMMA array and
patterned by excimer laser to electrically isolate adjacent
rows. A Ni layer (e.g., about 15 to 30 microns or 20 to 25
microns thick) may be electroplated on the patterned seed
layer to enhance structural rigidity. A backside electrical
connection to the array may be formed by backside etching
of a hole and forming an electrical connection through the
hole.

In another variation, the microneedle array is arranged in
a 16.times.16 array (i.e., 256 needles). Each needle has a
height of about 400 microns and the base diameter is about
100 microns. The pitch between microneedles can be about
250 microns. The microneedle arrays are then coated with
metal and laser-etched to provide electrical functionality.
Optionally, rows of microneedles can be electrically isolated
from each other so that alternating rows can provide alter-
nating electrical polarity. The arrays are also interfaced with
a power source. Microneedles may be made of polymer,
coated with a metal, and etched to act as alternating elec-
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trodes. In certain variations, the firing sequence of the
microneedles by rows or groups may be varied or configured
to alternate.

In certain variations, a microneedle array may include one
or more microneedles having multiple channels. For
example, a multichannel silicon microneedle may be con-
structed to deliver bioactive compounds into neural or other
tissue while simultaneously monitoring and stimulating neu-
rons and nerves.

FIG. 19 shows a cross sectional view of the skin 10
composed of an outer stratum corneum 15 covering the
epidermis 16. The skin also includes the dermis 18, subcu-
taneous tissue/fat 12, and these layers cover muscle tissue
14. As shown in FIG. 19, when a microneedle patch 228 is
attached to a subject’s skin, the microneedles 235 pierce the
outer insulating stratum corneum layer 15. The microneedle
patch 228 can detect current passing through a stimulated
nerve, and provide a superior signal as the current detected
is conducted through the microneedles 235, thereby bypass-
ing the poorly conductive stratum corneum layer 1S which
generally encompasses the outer 10 to 15 microns of skin. In
other variations, microneedles 235 may be fabricated to be
long enough to penetrate the stratum corneum 15, but short
enough not to puncture nerve endings, thus reducing the risk
of pain, infection or injury.

In certain variations, microneedles are formed such that
they are in direct contact with their corresponding or over-
lying electrodes. For example, a microneedle patch may
include an adhesive electrode pad and may utilize a con-
ductive gel to help hold the microneedles in place to prevent
shear forces from breaking or bending the microneedles.

In certain variation, as shown in FIGS. 204-20d, a
microneedle patch or applicator may include multiple elec-
trodes on a single patch or applicator, e.g., positive, nega-
tive, and/or control or ground electrodes, where the
microneedles will be grouped in multiple arrays such that
they conduct to the appropriate electrode. For example,
FIGS. 204 and 206 show a single patch having positive,
negative and control electrodes where a separate array of
electrodes is in contact with each respective electrode. This
arrangement can be created using a single patch. Alterna-
tively, as shown in FIG. 20c¢, two patches may be imple-
mented, one including the control electrode with corre-
sponding microneedle array and the other including the
positive and negative electrodes with corresponding
microneedle arrays. The various electrodes could be inter-
changed. Alternatively, as shown in FIG. 204, three patches
may be implemented, each having a separate electrode
(control, positive, or negative) with a corresponding
microneedle array. In use, in certain variations, the control
may be attached above or near bone, while the positive
and/or negative electrodes may be attached above nerve or
muscle.

Referring again to FIG. 12, the energy emitting system
210 can be used to treat or prevent various conditions, e.g.,
urinary incontinence, restless leg syndrome and fecal incon-
tinence, among others. Energy emitting system 210 includes
one or more conductive coils 212 disposed within or along
a housing 214, one or more sensors 216 configured to detect
electrical conduction in the target nerve or to detect muscle
stimulation, and a controller 218 coupled to the conductive
coils 212 and optionally in communication with the sensor
216. The coils 212 are configured such that an electrical
current generated by the controller 218 is passed through the
coils 212 generating a magnetic field which will stimulate a
target nerve, e.g., the tibial nerve 220, a muscle or other
body part containing a portion of a target nerve, or any
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nerves branching off of a target nerve, located in proximity
to the coils 212. In this particular variation, the housing 214
is in the form of a foot cradle, as shown in FIG. 4, however,
the housing could also be in the form of a flexible wrap,
garment or other design suitable for use with a subject.

Referring again to FIG. 12, energy emitting system 210
may be used to treat or prevent various conditions, e.g.,
urinary incontinence, restless leg syndrome or fecal incon-
tinence. In certain variations, a method of using the energy
emitting system 210 includes positioning a first portion of a
patient’s body, for example a foot, ankle, or leg, relative to
housing 214 such that a posterior tibial nerve 220 within the
first portion of the patient’s body is in proximity to one or
more conductive coils 212 disposed within or along the
housing. In this particular variation, a patient’s foot is
positioned in a housing which is in the form of a foot cradle
215. A sensor in the form of a microneedle patch 228 may
optionally be positioned along a second portion of the
patient’s body in proximity to the posterior tibial nerve 220.
In this particular variation, microneedle patch 228 is
attached to the patient’s foot over a muscle to detect muscle
stimulation. Alternatively, a patch could be placed elsewhere
on the patient, for example, on the leg in proximity to the
posterior tibial nerve 220, proximal to and up-stream from
coils 212. Microneedle patch 228 may be composed of one
or more microneedle arrays and one or more electrodes, as
described supra.

Once the patient’s foot is in position and the microneedle
patch 228 (e.g., conductive microneedle patch) is in place, a
current is passed from controller 218 through coils 212, and
as a result, the coils 212 generate a magnetic field which is
focused on the posterior tibial nerve 220. The magnetic field
stimulates tibial nerve 220, generating a current that will
flow along the tibial nerve 220 and spread along its length,
to its sacral or pudendal nerve roots. Microneedle patch 228
detects corresponding muscle stimulation or twitching or
electrical conduction through the stimulated posterior tibial
nerve. Upon detection, the microneedle array may conduct
and transmit an electrical signal to the overlying electrode of
microneedle patch 228. The signal may be transmitted to
controller 218, which can be integral or a separate controller
or device, or a separate controller coupled to controller 218.
The controller can then be varied or adjusted (to adjust the
current or magnetic field) based on the signal received from
microneedle patch 228 to ensure that adequate conduction of
the posterior tibial nerve 220 occurs and an adequate and
accurate dosage of treatment is being received. Although
shown utilizing a sensor, it is also contemplated that the
system could be used without a sensor.

Referring to FIG. 21, the method of using energy emitting
system 210 described above with respect to FIG. 12 may be
varied such that a conductive microneedle patch 228 is
placed in proximity to or proximally over the afferent
posterior tibial nerve 220, i.e., behind the patient’s knee. In
this position, a conductive microneedle patch 228 detects
electrical conduction through the afferent posterior tibial
nerve, i.e., it detects the electrical signal traveling through
the posterior tibial nerve back up to the brain and spinal cord
or it may detect corresponding muscle stimulation. The
microneedle patch 228 sends the signal to controller 218 or
to a separate controller coupled to controller 218. The
controller can then be varied or adjusted based on the signal
received from microneedle patch 228 to ensure that adequate
conduction or stimulation of the posterior tibial nerve 220
occurs and an adequate and accurate dosage of treatment is
being received.
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A sensor utilized in the energy emitting system 210 may
be a microneedle patch 228 as described above or optionally
the sensor may a sensor type known in the art (e.g., EKG
sensor) or as described in any of the variations herein. It is
also contemplated that energy emitting system 250 can be
utilized without a sensor. Optionally, the sensor may be
positioned within or along the housing, e.g., the foot cradle,
along with the one or more conductive coils, or positioned
at a site distant from the housing or conductive coils.

In certain variations, energy emitting system 210 may
optionally include one or more conductive microneedle
patches which can be positioned in proximity to the target
nerve or muscle and provide an additional or supplemental
electrical or magnetic stimulus to the target nerve or muscle.

Referring to FIG. 22, the energy emitting system 210
described above with respect to FIG. 12 may be varied to
create energy emitting system 260. Energy emitting system
260 further includes one or more percutaneous electrode
needles 262 or other needles or other percutaneous elec-
trodes coupled to a controller 218 and having an end
insertable into a subject’s body in proximity to said target
nerve or stimulation site. The percutaneous electrode needle
262 is inductively coupled to one or more conductive coils
212. In use, a first portion of a patient’s body, for example
a foot, ankle, or leg, is positioned relative to housing 214,
e.g., foot cradle 215, such that a target nerve, e.g., posterior
tibial nerve 220, located within the first portion of the
patient’s body is in proximity to one or more conductive
coils 212 disposed within or along the housing 214. Con-
ductive coils 212 are positioned proximate, optionally
down-stream or distal to, a selected stimulation site 261. The
percutaneous electrode needle 262 is inserted through the
skin at a location and to a depth that brings the tip in close
proximity to the stimulation site or target nerve to be
stimulated. The controller 218 is activated and a current
passes through conductive coils 212. The resulting magnetic
field generates a current that traverses the internal stimula-
tion site 261 by passing from conductive coils 212 to the
internal percutaneous electrode needle 262, as indicated by
arrow i. Also, the percutaneous eclectrode needle may be
positioned within the generated magnetic field, whereby the
magnetic field itself generates a current in the percutaneous
electrode which stimulates a target nerve or traverses an
internal stimulation site. Optionally, a current may be passed
from the controller 218 through conductive coils 212 and/or
from the controller 218 through percutaneous electrode
needle 262, traversing the internal stimulation site as the
current passes between the coils and needle.

In energy emitting system 260, current density and sub-
sequent electric field intensity generated between conduc-
tive coils 212 and percutaneous electrode needle 262 is
greater than that generated by traditional percutaneous
stimulators. A greater electric field intensity makes site
location for conductive coils 212 and percutaneous electrode
needle 262 easier. Furthermore, the load impedance through
the surface of the skin is much higher than the internal
impedance, and as such, the relatively high load impedance
lessens the likelihood of damage to tissue and nerves due to
high current pulses.

Referring again to FIG. 22, a percutaneous electrode
needle for use in any of the energy emitting systems
described herein may include a variety of designs. For
example, percutaneous electrode needle 262 may include a
metal or plastic handle 263 to provide a secure grip for the
user, while minimizing the risk of shock to the user. The
needle tip can have a terminal portion 264 which may extend
between about 0.5 and 10 mm or about 2.0 mm from the
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needle tip and may be constructed out of medical grade
stainless steel or other biocompatible metals. The diameter
of the needle can be small (less than about 0.25 mm) which
minimizes trauma during insertion. Optionally, needle 262
can be coated with Teflon or similar insulative material 265
except for an exposed tip area 264. This allows for a higher
field density at the tip for more precise operation. The
exposed needle tip area 264 should have a sufficiently large
surface area so as not to create too high a local current field
that may cause irritation or pain.

In another variation, as shown in FIG. 23, percutaneous
electrode needle 272 may be used in energy emitting system
260. Percutaneous electrode needle 272 may be constructed
out of medical grade stainless steel or other biocompatible
electrically conductive metal. Percutaneous electrode needle
272 includes a first end 276 for insertion into the patient’s
body in proximity to the preselected internal stimulation site
or target nerve to be stimulated, and a second end 277. The
size of the needle electrode 272 is preferably small, for
example 34 G needle electrode (0.22.times.10 mm), to
minimize trauma during insertion. Percutaneous electrode
needle 272 may also include an electrically conductive
adaptor, e.g., an electrically conductive tape member 273.
The tape member 273 includes an electrically conductive
adhesive portion 274 and an electrically conductive non-
adhesive portion 275. Alternatively, the adaptor may include
an electrically conductive clip. The second end 277 of the
needle electrode 272 preferably includes an enlarged portion
to enable the electrically conductive tape member 273 to be
more easily adhered thereto. Once it is determined that the
percutaneous needle electrode 272 is properly positioned,
the needle is fixedly adhered to the electrically conductive
tape member 273 by folding the ends of the adhesive portion
274 of the electrically conductive tape member 272 over the
second end 277 of the needle electrode thereby forming an
electrical connection there between. The percutaneous
needle electrode 272 is electrically coupled to controller 218
via electrically conductive tape member 273. Various other
implantable or insertable electrode needles known to per-
sons of skill in the art may also be utilized in the above
described systems.

In certain variations of energy emitting system 260 as
described above and shown in FIGS. 22-23, a sensor 216,
such as a conductive microneedle patch 228, may be utilized
to detect electrical conduction through the stimulated pos-
terior tibial nerve 220 or to detect muscle stimulation, and
transmit the signal to controller 218. The signal may be
transmitted to controller 218, a separate controller or device,
or a separate controller coupled to controller 218. The
controller can then be varied or adjusted based on the signal
from microneedle patch 228 to ensure that adequate con-
duction of the posterior tibial nerve 220 occurs and an
adequate and accurate dosage of treatment is being received.
It is also contemplated that energy system 260 may be
utilized without a sensor 216, see for example FIGS. 24-25.
Optionally, other types of sensors may be used in place of a
microneedle patch sensor, such as other sensors described
herein and sensors known to persons of ordinary skill in the
art. The sensor may be placed over a portion of the subject’s
body suitable for detecting conduction of the target nerve
(e.g., on the leg as shown) or over a muscle to detect muscle
stimulation resulting from stimulating the target nerve.

In certain variations, as shown in FIG. 26, an energy
emitting system 250 for providing a medical therapy
includes a microneedle patch 252 (e.g., conductive
microneedle patch) having one or more microneedle arrays
deposited on a surface of one or more electrodes; one or
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more sensors 221 configured to detect electrical conduction
in the target nerve or to detect muscle stimulation; and a
controller 218 coupled to microneedle patch 252 and in
communication with sensor 221. The microneedle patch 252
is configured such that an electrical current generated by the
controller 218 is passed through the microneedle patch 252,
generating a magnetic field or delivering or generating an
electrical or magnetic stimulus to a target nerve, e.g., the
tibial nerve 220, a muscle or other body part containing a
portion of a target nerve, or any nerves branching off of a
target nerve, located in proximity to microneedle patch 252.

Referring to FIG. 26, a method of using the energy
emitting system 250 may include placing a conductive
microneedle patch 252 on a first portion of a patient’s body,
for example a foot, ankle, or leg, in proximity to posterior
tibial nerve 220 within the first portion of the patient’s body.
Sensor 221 is positioned along a second portion of the
patient’s body in proximity to the posterior tibial nerve 220.
In this particular variation, sensor 216 is attached to the
patient’s leg in proximity to the posterior tibial nerve 220,
proximal to and up-stream from conductive microneedle
patch 252. Conductive microneedle patch 252 is composed
of one or more microneedle arrays and one or more elec-
trodes, as described in the variations above.

Once conductive microneedle patch 252 and sensor 221
are in position, a current is passed from controller 218
through conductive microneedle patch 252, resulting in an
electrical stimulus of the posterior tibial nerve 220. Alter-
natively, the microneedle array may be insulated or con-
structed of non conductive material such that the
microneedle patch 252 generates a magnetic field that stimu-
lates tibial nerve 220 in a manner similar to the one or more
coils described in the variations above, without an electrical
stimulus. Whether the stimulus is electrical or magnetic,
either stimulus will generate a current that will flow along
the tibial nerve 220 and spread along its length, to its sacral
or pudendal nerve roots. Sensor 221 detects electrical con-
duction through the stimulated posterior tibial nerve 220,
and then transmits the signal to controller 218. In certain
variations, the sensor may be in the form of a microneedle
patch sensor. The signal may be transmitted to controller
218, a separate controller or device, or a separate controller
coupled to controller 218. The controller can then be varied
or adjusted based on the signal from sensor 221 to ensure
that adequate conduction of the posterior tibial nerve 220
occurs and an adequate and accurate dosage of treatment is
being received.

The sensor utilized in the energy emitting system 250 may
be a sensor of the type described above, with respect to other
variations. Optionally, for example, the sensor may be a
microneedle patch. It is also contemplated that energy
emitting system 250 can be utilized without a sensor. The
sensor may be placed over a portion of the subject’s body
suitable for detecting conduction of the target nerve (e.g., on
the leg as shown) or over a muscle to detect muscle
stimulation resulting from stimulating the target nerve.

In certain variations, energy emitting system 250 may
optionally include one or more conductive coils disposed
within or along a housing which can be positioned in
proximity to the target nerve or muscle and provide an
additional or supplemental stimulation of the target nerve or
muscle.

Referring to FIG. 27, the energy emitting system 250
described above with respect to FIG. 26 may be varied to
create energy emitting system 280. Energy emitting system
280 further includes one or more percutaneous electrode

10

15

20

25

30

35

40

45

50

55

60

65

28

needles 262 coupled to a controller 218 and having an end
insertable into a subject’s body in proximity to said target
nerve.

Optionally, the electrode needle may be non-percutane-
ous, such that it is insertable in an orifice or opening in the
subject, such as a natural orifice. The percutaneous electrode
needle 262 is inductively coupled to conductive microneedle
patch 252. In use, a microneedle patch 252 is placed on a
first portion of a patient’s body, for example a foot, ankle, or
leg, in proximity to posterior tibial nerve 220 within the first
portion of the patient’s body and down-stream or distal to a
selected stimulation site 261. The percutaneous electrode
needle 262 is inserted through the skin at a location and to
a depth that brings the tip in close proximity to the target
nerve to be stimulated.

The controller 218 is activated and a current passes
through microneedle patch 252 and traverses the internal
stimulation site 261 by passing from microneedle patch 252
to the internal percutaneous electrode needle 262, as indi-
cated by arrow i. The current passing through microneedle
patch 252 may also generate a magnetic field which can
generate a current that traverses the internal stimulation site
261 by passing from microneedle patch 252 to the internal
percutaneous electrode needle 262. Also, the percutaneous
electrode needle may be positioned within the generated
magnetic field, whereby the magnetic field generates a
current in the percutaneous electrode which stimulates a
target nerve and traverses an internal stimulation site.
Optionally, a current may be passed from the controller 218
through microneedle patch 252 and/or from the controller
218 through percutaneous electrode needle 262, traversing
the internal stimulation site as the current passes between the
patch and needle.

Referring to FIG. 28, energy emitting system 280 may be
modified by using percutaneous electrode needle 272 in
place of percutaneous electrode needle 262. Percutaneous
electrode needle 272 would be constructed and function as
described above with respect to FIG. 23. Various other
implantable or insertable electrode needles known to per-
sons of skill in the art may also be utilized in the above
described systems. Additionally, energy emitting system 280
may utilize a sensor to detect electrical conduction through
the stimulated posterior tibial nerve 220 and send a corre-
sponding signal indicative of the detected conduction to
controller 218 or other device such that the electrical or
magnetic stimulus can be adjusted as necessary. The sensor
may be a sensor 221, or optionally the sensor may be a
microneedle patch. It is also contemplated that energy
emitting system 280 can be utilized without a sensor. The
sensor may be placed over a portion of the subject’s body
suitable for detecting conduction of the target nerve (e.g., on
the leg as shown) or over a muscle to detect muscle
stimulation resulting from stimulating the target nerve.

In any of the above systems, variations are contemplated
where the sensors are also coupled or connected to or
otherwise in communication with energy emitting devices,
e.g., the conductive coils or conductive microneedle patches.

In certain variations, the one or more microneedles of the
microneedle patch may include an electrically conductive
material such that the microneedles may transmit an elec-
trical signal to an overlying electrode or other surface.
Microneedles may be constructed of an electrically conduc-
tive material and/or coated with an electrically conductive
material. Optionally, microneedles may be coated with an
electrically conductive material and constructed of a non-
conductive material. Microneedles may be fabricated using
a variety of materials, e.g., metals, stainless steel, solid or



US 10,786,669 B2

29
coat of gold over NI, Pd or Pd—Co, Pt, silicon, silicon
dioxide, polymers, glass, biocompatible polymers, titanium,
silver, or suture materials. Biodegradable polymers may also
be used such that if a tip of a microneedle were to snap or
break off during insertion, it would easily biodegrade.
Optionally, the microneedle patch may be non-conductive.

In certain variations, an electrode patch for improved
conductance or conduction is provided. The patch can
include at least one electrode having a first surface and/or a
second surface. The electrode may optionally be attached to
various other materials or adhesive materials. An array of
microneedles may be deposited on a surface of the electrode,
or attached to a patch or other material and indirectly or
directly connected to the electrode. The array of
microneedles may include a conductive material. Such
patches may be used as a sensor to detect muscle stimulation
or electrical conduction, or to provide or deliver an electrical
stimulus or magnetic field, e.g., to a target nerve, and may
optionally be used in any of the variations described herein
or in any application where improved conductance or con-
duction is desired. Microneedles yield improved reduction
in impedance compared to simple abrasion and other tech-
niques, and are less painful and more comfortable for the
patient.

In certain variations, typical voltage sensed at the skin and
detectable or conductible by a microneedle patch or
microneedle array may range from about 1 to 400 microvolts
or about 10 to 300 microvolts.

In certain variations, methods of treating a subject with
urinary incontinence or various pelvic floor disorders utiliz-
ing the energy emitting systems described herein are con-
templated. Symptoms associated with urinary incontinence
may be observed, detected, or diagnosed. An energy emit-
ting device having one or more energy generators, e.g., one
or more conductive coils or one or more microneedle
patches, may be positioned in proximity to a target nerve,
e.g., the tibial or posterior tibial nerve or popliteal or sacral
nerve or branches thereof of a subject or patient along a first
portion of a subject’s or patient’s body. The subject may or
may not be exhibiting symptoms associated with urinary
incontinence. In the case of the conductive coils, the coils
may be positioned within or along a housing, such as a foot
or knee cradle, and a foot or leg may be positioned therein.
In the case of a microneedle patch, the patch may be attached
to a subject’s skin. Optionally, the method involves posi-
tioning a first portion of a subject’s body, the subject
exhibiting symptoms associated with urinary incontinence,
relative to an energy emitting device such that a target nerve
within the first portion of the body is in proximity to at least
one energy generator disposed within or along the energy
emitting device.

A current is then passed through the energy generator to
produce, generate or deliver energy, e.g., a magnetic or
electromagnetic field or electrical or magnetic energy or
stimulus, focused on the tibial or posterior tibial nerve or
branches thereof. This in turn may cause the stimulation of
a pudendal nerve, sacral plexus, or other nerves in the pelvic
floor. Various nerves innervating the various muscles,
sphincters, nerves, organs and conduits of the urinary tract
and bladder may be stimulated directly or indirectly. In
certain variations, a current is passed through one more
coils, which generate a magnetic or electromagnetic field
which stimulates the posterior tibial nerve. In certain varia-
tions, the positioning of the coils relative to the first portion
of the subject’s body may be adjusted to re-focus the
magnetic field on the posterior tibial nerve as needed. In
certain variations, a current is passed through a microneedle
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patch generating or delivering an electrical or magnetic
stimulus or field. The positioning of the microneedle patch
relative to the first portion of the subject’s body may be
adjusted to re-focus the electrical or magnetic stimulus or
field on the posterior tibial nerve as needed.

Optionally, electrical conduction through the target nerve,
e.g., the posterior tibial nerve, or muscle stimulation can be
detected via at least one sensor. A conductive sensor may be
positioned in proximity to the posterior tibial nerve along a
second portion of the subject’s body. Optionally, a sensor
may be positioned over a corresponding muscle to detect
muscle stimulation or twitching resulting from nerve stimu-
lation. Optionally, the electrical conduction is detected along
a second portion of the subject’s body which is different
from the first portion of the body. Optionally, the sensor in
the form of a microneedle patch. In certain variations, the
sensor may be positioned behind a subject’s knee to detect
the electrical conduction along the afferent posterior tibial
nerve or on another portion of a patient’s leg or foot. In other
variations, the sensor may be positioned within or along a
housing along with the one or more conductive coils.

Where a sensor is used, a signal is received from the
sensors and the signal is indicative of the electrical conduc-
tion of the target nerve, e.g., posterior tibial nerve. The
current may be adjusted or varied using a controller which
is in communication with the energy generator. Adjustments
may be made in response to the nerve or muscle stimulation
detected by the conductive sensor, in order to optimize or
ensure adequate treatment of urinary incontinence by
achieving the appropriate level of conductance and appro-
priate level of nerve or muscle stimulation. Appropriate
levels or parameters for current, frequency, magnetic field,
treatment duration, etc., are those that result in an observed
or detected reduction or prevention of symptoms associated
with urinary incontinence. Treatment could also be admin-
istered and the appropriate levels and parameters achieved
through observing or detecting reduction or prevention of
symptoms where a sensor is not used. Examples of these
symptoms include but are not limited to the inability to
control urinary function, urinary leakage, and loss of bladder
control.

In certain variations, the amplitude, frequency, direction
of a generated magnetic field, electrical or magnetic stimu-
lus, or firing sequence of the coils or microneedles making
up the microneedle array may be adjusted. Optionally, the
current may be varied according to a muscular response in
the patient. Thus, to treat urinary incontinence, the magnetic
field or electrical stimulus is applied to a subject or patient
until the desired effects (e.g., reduction of symptoms) are
achieved.

In certain variations, methods of treating a subject with
fecal incontinence utilizing the energy emitting systems
described herein are contemplated. Symptoms associated
with fecal incontinence may be observed, detected, or diag-
nosed. An energy emitting device having one or more energy
generators, e.g., one or more conductive coils or one or more
microneedle patches, may be positioned in proximity to a
target nerve, e.g., the tibial or posterior tibial nerve, or
popliteal or sacral nerve or branches thereof, of a subject
along a first portion of a subject’s body. The subject may or
may not be exhibiting symptoms associated with fecal
incontinence. In the case of the conductive coils, the coils
may be positioned within or along a housing, such as a foot
or knee cradle, and a foot or leg may be positioned therein.
In the case of a microneedle patch, the patch may be attached
to a subject’s skin. Optionally, the method involves posi-
tioning a first portion of a subject’s body, the subject
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exhibiting symptoms associated with fecal incontinence,
relative to an energy emitting device such that a target nerve
within the first portion of the body is in proximity to at least
one energy generator disposed within or along the energy
emitting device.

A current is then passed through the energy generator to
produce, generate or deliver energy, e.g., a magnetic or
electromagnetic field or electrical or magnetic energy or
stimulus, focused on the tibial or posterior tibial nerve or
branches thereof. This in turn causes the stimulation of a
pudendal nerve, sacral plexus, or nerves in the pelvic floor.
Various nerves innervating the various muscles, sphincters,
rectum, nerves, organs and conduits associated with bowel
movements, fecal control, and the intestines may be stimu-
lated directly or indirectly. Optionally, a current is passed
through one more coils, which generate a magnetic or
electromagnetic field which stimulates the posterior tibial
nerve. In certain variations, the positioning of the coils
relative to the first portion of the subject’s body may be
adjusted to re-focus the magnetic field on the posterior tibial
nerve as needed. In certain variations, a current is passed
through a microneedle patch generating or delivering an
electrical or magnetic stimulus or field. The positioning of
the microneedle patch relative to the first portion of the
subject’s body may be adjusted to re-focus the electrical or
magnetic stimulus or field on the posterior tibial nerve as
needed.

Optionally, electrical conduction through the target nerve,
e.g., the posterior tibial nerve, or muscle stimulation can be
detected via at least one sensor. A conductive sensor may be
positioned in proximity to the posterior tibial nerve along a
second portion of the subject’s body. Optionally, a sensor
may be positioned over a corresponding muscle to detect
muscle stimulation or twitching resulting from nerve stimu-
lation. Optionally, the electrical conduction is detected along
a second portion of the subject’s body which is different
from the first portion of the body. Optionally, the sensor is
in the form a of a microneedle patch. In certain variations,
the sensor may be positioned behind a subject’s knee to
detect the electrical conduction along the afferent posterior
tibial nerve or on another portion of a patient’s leg or foot.
In other variations, the sensor may be positioned within or
along a housing along with the one or more conductive coils.

Where a sensor is used, a signal is received from the
sensors and the signal is indicative of the electrical conduc-
tion of the target nerve, e.g., posterior tibial nerve. The
current may be adjusted or varied using a controller which
is in communication with the energy generator. Adjustments
may be made in response to the nerve or muscle stimulation
detected by the conductive sensor, in order to optimize or
ensure adequate treatment of fecal incontinence by achiev-
ing the appropriate level of conductance and appropriate
level of nerve or muscle stimulation. Appropriate levels or
parameters for current, frequency, magnetic field, treatment
duration, etc., are those that result in an observed or detected
reduction or prevention of symptoms associated with fecal
incontinence. Treatment could also be administered and the
appropriate levels and parameters achieved through observ-
ing or detecting reduction or prevention of symptoms where
a sensor is not used. Examples of these symptoms include
but are not limited: the loss of voluntary control to retain
stool in the rectum; loss of fecal control; inability to control
bowel movements, and fecal leaking:

In certain variations, the amplitude, frequency, direction
of a generated magnetic field, electrical or magnetic stimu-
lus, or firing sequence of the coils or microneedles making
up the microneedle array may be adjusted. Optionally, the
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current may be varied according to a muscular response in
the patient. Thus, to treat fecal incontinence, the magnetic
field or electrical stimulus is applied to a subject or patient
until the desired effects (e.g., reduction of symptoms) are
achieved.

In certain variations, methods of treating a subject with
restless leg syndrome utilizing the energy emitting systems
described herein are contemplated. Victims afflicted with
Restless Leg Syndrome (RLS or Ekbom’s syndrome), are
unable to remain seated or to stand still. Activities that
require maintaining motor rest and limited cognitive stimu-
lation, such as transportation, e.g., in a car, plane, train, etc.,
or attending longer meetings, lectures, movies or other
performances, become difficult if not impossible. These
sensations become more severe at night and RLS patients
find sleep to be virtually impossible, adding to the dimin-
ishing quality of their lives. The urge to move, which
increases over periods of rest, can be completely dissipated
by movement, such as walking. However, once movement
ceases, symptoms return with increased intensity. If an RLS
patient is forced to lie still, symptoms will continue to build
like a loaded spring and, eventually, the legs will involuntary
move, relieving symptoms immediately.

Thus, symptoms associated with restless leg syndrome
may be observed, detected, or diagnosed. An energy emit-
ting device having one or more energy generators, e.g., one
or more conductive coils or one or more microneedle
patches, may be positioned in proximity to a target nerve,
e.g., the tibial or posterior tibial nerve, or popliteal or sacral
nerve or branches thereof or other nerves associated with
restless leg syndrome, of a subject along a first portion of a
subject’s body. The subject may or may not be exhibiting
symptoms associated with restless leg syndrome. In the case
of the conductive coils, the coils may be positioned within
or along a housing, such as a foot or knee cradle, and a foot
or leg may be positioned therein. In the case of a
microneedle patch, the patch may be attached to a subject’s
skin. Optionally, the method involves positioning a first
portion of a subject’s body, the subject exhibiting symptoms
associated with restless leg syndrome, relative to an energy
emitting device such that a target nerve within the first
portion of the body is in proximity to at least one energy
generator disposed within or along the energy emitting
device.

A current is then passed through the energy generator to
produce, generate or deliver energy, e.g., a magnetic field or
electrical or magnetic energy or stimulus, focused on the
tibial or posterior tibial nerve or branches thereof or other
nerves associated with restless leg syndrome. This in turn
causes the stimulation of a pudendal nerve, sacral plexus or
other nerves innervating the pelvic floor or various muscles,
nerves, or organs associated with restless leg syndrome. The
various nerves may stimulated directly or indirectly. Option-
ally, a current is passed through one more coils, which
generates a magnetic or electromagnetic field which stimu-
lates the posterior tibial nerve. In certain variations, the
positioning of the coils relative to the first portion of the
subject’s body may be adjusted to re-focus the magnetic
field on the posterior tibial nerve as needed. In certain
variations, a current is passed through a microneedle patch
generating or delivering an electrical or magnetic stimulus
or field. The positioning of the microneedle patch relative to
the first portion of the subject’s body may be adjusted to
re-focus the electrical or magnetic stimulus or field on the
posterior tibial nerve as needed.

Optionally, electrical conduction through the target nerve,
e.g., the posterior tibial nerve, or muscle stimulation can be
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detected via at least one sensor. A conductive sensor may be
positioned in proximity to the posterior tibial nerve along a
second portion of the subject’s body. Optionally, a sensor
may be positioned over a corresponding muscle to detect
muscle stimulation or twitching resulting from nerve stimu-
lation. Optionally, the electrical conduction is detected along
a second portion of the subject’s body which is different
from the first portion of the body. Optionally, the sensor in
the form a of a microneedle patch. In certain variations, the
sensor may be positioned behind a subject’s knee to detect
the electrical conduction along the afferent posterior tibial
nerve or on another portion of a patient’s leg or foot. In other
variations, the sensor may be positioned within or along a
housing along with the one or more conductive coils.

Where a sensor is used, a signal is received from the
sensors and the signal is indicative of the electrical conduc-
tion of the target nerve, e.g., posterior tibial nerve. The
current may be adjusted or varied using a controller which
is in communication with the energy generator. Adjustments
may be made in response to the nerve or muscle stimulation
detected by the conductive sensor, in order to optimize or
ensure adequate treatment of restless leg syndrome by
achieving the appropriate level of conductance and appro-
priate level of nerve or muscle stimulation. Appropriate
levels or parameters for current, frequency, magnetic field,
treatment duration, etc., are those that result in an observed
or detected reduction or prevention of symptoms associated
with restless leg syndrome. Treatment could also be admin-
istered and the appropriate levels and parameters achieved
through observing or detecting reduction or prevention of
symptoms where a sensor is not used. Examples of these
symptoms include but are not limited to: uncomfortable
sensations in the limbs, irresistible urges to move, usually
the legs; motor restlessness; when at rest, symptoms return
or worsen; and symptoms worsen in the evening and at
night.

In certain variations, the amplitude, frequency, direction
of a generated magnetic field, electrical or magnetic stimu-
lus, or firing sequence of the coils or microneedles making
up the microneedle array may be adjusted. Optionally, the
current may be varied according to a muscular response in
the patient. Thus, to treat restless leg syndrome, the mag-
netic field or electrical stimulus is applied to a subject or
patient until the desired effects (e.g., reduction of symptoms)
are achieved.

In certain variations, methods of treating a subject suf-
fering from premature ejaculation or various pelvic floor
disorders utilizing the energy emitting systems described
herein are contemplated. Symptoms associated with prema-
ture ejaculation may be observed, detected, or diagnosed. An
energy emitting device having one or more energy genera-
tors, e.g., one or more conductive coils or one or more
microneedle patches, may be positioned in proximity to a
target nerve, e.g., the tibial or posterior tibial nerve or
popliteal or sacral nerve or branches thereof of a subject
along a first portion of a subject’s body. The subject may or
may not be exhibiting symptoms associated with premature
ejaculation. In the case of the conductive coils, the coils may
be positioned within or along a housing, such as a foot or
knee cradle, and a foot or leg may be positioned therein. In
the case of a microneedle patch, the patch may be attached
to a subject’s skin. Optionally, the method involves posi-
tioning a first portion of a subject’s body, the subject
exhibiting symptoms associated with premature ejaculation,
relative to an energy emitting device such that a target nerve
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within the first portion of the body is in proximity to at least
one energy generator disposed within or along the energy
emitting device.

A current is then passed through the energy generator to
produce, generate or deliver energy, e.g., a magnetic or
electromagnetic field or electrical or magnetic energy or
stimulus, focused on the tibial or posterior tibial nerve or
branches thereof. This in turn may cause the stimulation of
a pudendal nerve, sacral plexus, or other nerves in the pelvic
floor or nerves associated with the control of ejaculation.
Various nerves innervating the various muscles, sphincters,
nerves, organs and conduits of the urinary tract, bladder or
reproductive system, or pelvic floor may be stimulated
directly or indirectly. Optionally, a current is passed through
one more coils, which generates a magnetic or electromag-
netic field which stimulates the posterior tibial nerve. In
certain variations, the positioning of the coils relative to the
first portion of the subject’s body may be adjusted to
re-focus the magnetic field on the posterior tibial nerve as
needed. In certain variations, a current is passed through a
microneedle patch generating or delivering an electrical or
magnetic stimulus or field. The positioning of the
microneedle patch relative to the first portion of the subject’s
body may be adjusted to re-focus the electrical or magnetic
stimulus or field on the posterior tibial nerve as needed.

Optionally, electrical conduction through the target nerve,
e.g., the posterior tibial nerve, or muscle stimulation can be
detected via at least one sensor. A conductive sensor may be
positioned in proximity to the posterior tibial nerve along a
second portion of the subject’s body. Optionally, a sensor
may be positioned over a corresponding muscle to detect
muscle stimulation or twitching resulting from nerve stimu-
lation. Optionally, the electrical conduction is detected along
a second portion of the subject’s body which is different
from the first portion of the body. Optionally, the sensor in
the form of a microneedle patch. In certain variations, the
sensor may be positioned behind a subject’s knee to detect
the electrical conduction along the afferent posterior tibial
nerve or on another portion of a patient’s leg or foot. In other
variations, the sensor may be positioned within or along a
housing along with the one or more conductive coils.

Where a sensor is used, a signal is received from the
sensors and the signal is indicative of the electrical conduc-
tion of the posterior tibial nerve. The current may be
adjusted or varied using a controller which is in communi-
cation with the energy generator. Adjustments may be made
in response to the nerve or muscle stimulation detected by
the conductive sensor, in order to optimize or ensure
adequate treatment of premature ejaculation by achieving
the appropriate level of conductance and appropriate level of
nerve or muscle stimulation. Appropriate levels for current,
frequency, magnetic field, treatment duration, etc., are levels
that result in an observed or detected reduction or prevention
of symptoms associated with premature ejaculation. Treat-
ment could also be administered and the appropriate levels
and parameters achieved through observing or detecting
reduction or prevention of symptoms where a sensor is not
used. Examples of these symptoms include but are not
limited to: ejaculation that frequently occurs within one
minute or less of penetration, the inability to delay ejacula-
tion on penetrations; or persistent or recurrent ejaculation
with minimal stimulation before, on or shortly after pen-
etration.

In certain variations, the amplitude, frequency, direction
of a generated magnetic field, electrical or magnetic stimu-
lus, or firing sequence of the coils or microneedles making
up the microneedle array may be adjusted. Optionally, the
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current may be varied according to a muscular response in
the patient. Thus, to treat premature ejaculation, the mag-
netic field or electrical stimulus is applied to a subject or
patient until the desired effects (e.g., reduction of symptoms)
are achieved.

Exemplary treatment parameters for treating various con-
ditions, e.g., urinary incontinence, using the systems and
methods described herein may include the following. Opera-
tion of a conductive coil at about 10 to 20 hertz generating
a magnetic field of about 0.25 to 1.5 tesla, where the coil is
administered to a patient for a duration of about 30 minutes/
day or 30 minutes per week, depending on the severity of the
symptoms, until the symptoms subside. The above treatment
parameters or variations on the parameters may be used for
treatment of urinary incontinence, fecal incontinence, rest-
less leg syndrome, or premature ejaculation or other condi-
tions. For example, the coil may be operated at various
parameter ranges falling with the following ranges: about 5
to 100 hertz, about 1 to 10 tesla, for about 15 minutes to 2
hours per day or week. In treating premature ejaculation, a
patient may receive treatment about 4 to 10 hours prior to
intercourse. A maintenance phase of treatment, after the
initial treatment, may vary for various conditions. For
example, the maintenance phase may require application of
the systems and methods described herein at the parameters
described herein for 30 minutes/week or 30 minutes/month.
Any treatment parameter may be varied or modified based
on the effect on the patient or sensor or patient feedback
regarding stimulation, until the desired result of treating or
preventing a condition is achieved.

In certain variations, as shown in FIGS. 294-29d, energy
emitting device may include a controller 289 and a foot
cradle 290. Foot cradle 290 may include vertical foot plate
291, and horizontal foot plate 292, where each plate can be
adjusted using vertical foot plate knob 293 and horizontal
foot plate knob 294. One or more EMG plugs 295 are
provided. An air core coil 297 or other type of coil is
provided. A display screen 296 may also be provided along
with power cord 298. The display screen 296 can display a
variety of information to the user and/or practitioner such as
the level of power or current applied, treatment time, tem-
perature of the cradle device, detected current levels and/or
physiological parameters, etc., to facilitate effective and
efficient therapeutic treatment. The information can be used
to vary or adjust the controller to ensure that adequate
conduction of a target nerve, e.g., posterior tibial nerve 220
or muscle stimulation occurs and an adequate and accurate
dosage of treatment is being received. Controls may also be
included to affect the following: power, field strength, fre-
quency, pulse, start/pause and cancellation of therapy (as
shown) or other parameters one of skill in the art would find
necessary or useful to control or monitor. In certain varia-
tions, a sensor may be connected, connected or in commu-
nication with the foot cradle or other energy emitting appa-
ratus, controller, housing, conductive coils, or microneedle
patch.

In certain variations, as shown in FIGS. 30A-30B, an
energy emitting device may include a controller and a knee
support or knee cradle. The cradle may be configured to
provide the conductive coil in proximity to the popliteal
fossa or area directly behind the knee. In certain variations,
the knee cradle may be configured to cradle or surround at
least a portion of the knee or substantially the entire knee
without placing direct pressure on the popliteal fossa,
thereby minimizing or avoiding venous thrombosis. In one
variation, the device may be utilized while the knee is in the
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flexed position (FIG. 30A). In another variation, the device
may be utilized while the knee is in a non-flexed position
(FIG. 30B).

In certain variations, the energy emitting device, e.g., foot
support or cradle, knee support or cradle, etc., includes a
conductive coil positioned such that a target nerve is auto-
matically targeted. The conductive coil is configured, sized
and positioned within the device such that the generated
magnetic field may encompass and stimulate the target nerve
in any patient based on the target nerve’s anatomical loca-
tion, thus providing automatic targeting of the nerve in any
patient once the patient positions a particular body portion in
the device.

In certain variations described herein, sensors may detect
voltage or current and may be connected, coupled, wire-
lessly connected or coupled or otherwise in communication
with housing, conductive coils, microneedle patch, energy
emitting apparatus, energy generators, or electrode needles
and/or controller using a variety of methods or techniques
known in the art. In various variations described herein,
housings, conductive coils, microneedle patches, energy
emitting apparatus, energy generators, or electrode needles
may be connected, coupled, wirelessly connected or coupled
or otherwise in communication with each other, controllers
or sensors, using a variety of methods or techniques known
in the art.

Coils used in any of the variations described herein and
illustrated in the corresponding FIGS. may take on a variety
of shapes, sizes, and configurations. For example, a coil may
be shaped as a spiral (as shown) or have a simple helical
pattern or be a FIG. eight coil, a four leaf clover coil, a
Helmholtz coil, a modified Helmholtz coil, or may be
shaped as a combination of the aforementioned coil patterns.
Additionally, other coil designs beyond those mentioned
hereinabove might be utilized as long as a magnetic field is
developed that will encompass a target nerve.

The coils may have a variety of dimensions and configu-
rations. In certain variations, a coil may have a central
aperture. The diameter of the aperture may range from about
0.5 inch to 2 inches or 1 inch to 1.5 inches or the aperture
may have a diameter of about 1 inch. The diameter of the
coil body may vary. For example, the diameter may range
from about 3.0 to about 7 inches or from about 4 to about 5
inches or the diameter may about 4.5 inches. The coil body
may include any suitable number of turns. For example, the
coil body may include from about 2 to about 25 turns or from
about 10 to about 20 turns or 14 to 17 turns. The adjacent
turns may be spaced apart from each other, providing a gap
there between. An end or cross section of a turn may have
various dimensions. For example, the end or cross section
may have a height that is greater than its width. An end or
cross section of a turn may have a height ranging from about
1to 5 cm or from about 10 mm to 51 mm (about 0.3 inches
to 2 inches) or about 25 mm to 40 mm (about 1 inch to 1.5
inches) or about 12 mm to 40 mm (about 0.5 inch to 1.5
inch) or about 0.5 inch to 2 inch. The end or cross section
of the turn may have a width ranging from about 0.5 mm to
about 5 mm (about 0.019 inch to 0.19 inch) or from about
1 mm to about 2 mm (about 0.03 inch to 0.07 inch) or about
0.2 mm to about 1.6 mm (about 0.01 inch to 0.06 inch). The
above are all exemplary dimensions, where other dimen-
sions are also contemplated depending on the use and
configuration of a device.

In certain variations, a system or device for electromag-
netic or magnetic induction therapy may include one or
more conductive coils disposed within or along an applica-
tor. The coil may be configured to generate an electromag-
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netic or magnetic field focused on a target nerve, muscle or
other body tissue positioned in proximity to the coil. The
system may also include one or more sensors. The sensor
may be configured to detect electrical conduction in the
target nerve or to detect stimulation of a muscle or other
body tissue. The sensor may also detect a muscular response
caused by an electrical conduction in a target nerve. The
sensor provides feedback about the efficacy of the applied
electromagnetic or magnetic induction therapy. Optionally, a
user may provide such feedback based on detection by the
user, with or without the use of a sensor. The system may
also include a controller which is in communication with the
sensor. The controller may be adjustable to vary a current
through the coil in order to adjust the magnetic field focused
upon the target nerve based on feedback from the sensor or
user. The various systems or devices described herein may
be utilized with or without a sensor.

A variety of electromagnetic or magnetic induction appli-
cators designed or configured to stimulate various portions
of a patient’s body for treating various conditions are
contemplated herein.

FIG. 31A illustrates a variation of a hand or arm appli-
cator 310. The hand or arm applicator 310 may be ergo-
nomic or contoured to a hand or arm to be positioned relative
to or in proximity to a hand or arm to generate an electro-
magnetic or magnetic field focused on a target nerve, muscle
or other tissue within the hand or arm. Optionally, a hand or
arm applicator 310 may be designed to stimulate the entire
hand or arm of a patient, for example, where the patient has
limited or reduced nerve innervation to those portions of the
body.

FIG. 31B also illustrates a variation of a foot, knee or leg
applicator 320. The foot, knee or leg applicator 320 may be
ergonomic or contoured to a foot, knee or leg to be posi-
tioned relative to or in proximity to a foot, knee or leg to
generate an electromagnetic or magnetic field focused on a
target nerve, muscle or other tissue within the foot, knee or
leg. Optionally, a foot, knee or leg applicator 320 may be
designed to stimulate the entire foot, knee or leg of a patient,
for example, where the patient has limited or reduced nerve
innervation to those portions of the body.

FIG. 32 illustrates a variation of a stand alone back
applicator 330. The back applicator 330 may be ergonomic
or contoured to the back or to a specific area of the back to
be positioned relative to or in proximity to the back to
generate an electromagnetic or magnetic field focused on a
target nerve, muscle or other tissue within the back. A back
applicator 330 may be aligned along the spine or position-
able in proximity to the spine. The back applicator 330 may
be utilized to stimulate nerve offshoots, dorsal ganglion, the
spinal cord itself or any other nerve in the body, to treat
various conditions, for example, to treat atrophy or paraly-
sis.

The back applicator 330 may include several coils, which
may be pulsed intermittently. In certain variations, a sensor
may be placed on muscle in dermatome to provide feedback
to ensure stimulation of the proper dorsal root ganglion or
vertebral body. The sensor may provide feedback to channel
energy or current to the proper or effective coil in an
applicator, e.g., in an applicator having multiple coils.

FIG. 33 shows a system including a corded back appli-
cator 340, a sensor 342 and a logic controller 344. Various
sensors may be utilized, e.g., a three lead EMG, other EMG
electrode, a microneedle electrode, or any sensor for detect-
ing physiologic changes associated with nerve firing and/or
muscle contraction. The sensor 342 provides feedback
which may be used to monitor and/or control therapy. The
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sensor 342 may be used to position or optimize therapy in a
clinic or home healthcare setting. The applicator 340 may or
may not contain a pulse generator and/or logic controller
circuitry. FIG. 33 shows the logic controller 344 and pulse
generator as a separate unit. The logic controller may
optimize therapy and minimize energy usage or overheating
based on feedback from sensor 342. Optionally, the logic
controller 344 may be incorporated into an applicator. The
logic controller 344, whether separate from the applicator or
incorporated in the applicator, may be controlled based on
feedback from the sensor.

FIG. 34 shows a system including a whole back applicator
350, a sensor 352 and a logic controller 354. One or more
back applicators 350 may be provided. One or more appli-
cators 350 may include automated therapy targeting. The
applicators 350 may include multiple coils, which can be
fired sequentially to stimulate the entire spine or chain of
dorsal root ganglion (with or without user or sensor feed-
back) for osteoarthritis therapy, back or neck pain therapy,
prevention of muscular atrophy and/or nerve recovery after
paralysis, stroke, or after suffering other nerve damaging
conditions. In one variation, one or more applicators 350
may include multiple coils fired sequentially in order to
determine the optimal coil for stimulation based on user or
sensor feedback. Once the optimal coil is determined, that
coil may be selected and used for the remainder of the
therapy. In another variation, one or more applicators may
include one or more coils that are slidable, adjustable or
movable within the applicator housing. The coils may be
moved within the applicator housing to treat a large area
and/or to be focused on the optimal treatment zone based on
feedback from the user and/or feedback from the sensor.

FIG. 35 shows a variation of a back applicator 360 which
may be positioned in proximity to or aligned along a spine.
The back applicator 360 may have ergonomic features or
may be placed in proximity to a spine or a spine may be
positioned in proximity to the applicator 360. The applicator
360 may include several coils that are pulsed intermittently.
As shown in FIG. 35, the back applicator 360 or focused
back applicator may me held on a patient by an ergonomic
positioning element 361 (e.g., a belt) and may be fit such the
cervical, thoracic, lumbar, sacral and/or lumbosacral curva-
tures hold the back applicator 360 in the optimal position.
The applicator 360 may be located anywhere along the
positioning element 361 depending on the individual and
area to be stimulated. Optionally, a sensor lead 362 may be
placed over musculature or along a nerve excited by acti-
vation of the applicator 360. In one variation, a coil power
line 365 for supplying power or current from the logic
controller 364 to coils positioned in the applicator 360 may
include fluid cooling, e.g., air or liquid cooling.

FIG. 36 shows an applicator 366 designed or configured
to generate a magnetic field focused on a target nerve
responsible for phantom or neuropathic pain. The applicator
366 or phantom pain therapeutic stimulator unit may be
utilized to treat phantom pain or neuropathic pain, to provide
phantom pain or neuropathic pain therapy. The applicator
366 may be ergonomic or contoured to be positioned relative
to or in proximity to a nerve responsible for phantom or
neuropathic pain.

FIG. 37 shows a facial neuralgia applicator 380. Facial
neuralgia applicator 380 may be may be ergonomic or
contoured to a face or head to be positioned relative to a face
or head to stimulate a nerve responsible for facial neuralgias.
The applicator 380 may be designed or configured to be
positioned relative to, in proximity to or on a patient’s face
or head and to generate a magnetic field focused on nerves
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responsible for facial neuralgias, e.g., the trigeminal nerve,
to treat facial neuralgia. Optionally, a sensor may be posi-
tioned along a facial nerve to ensure adequate therapy and to
provide feedback, e.g., to a logic controller, regarding nerve
conduction or body stimulation.

In certain variations, an applicator may be designed to
ergonomically target common nerves responsible for com-
mon neuralgias in order to treat such neuralgias. In other
variations, an applicator may be used for treating neuralgias
virtually anywhere on a patient’s body, including in deep
nerves due to the ability of magnetic fields generated by the
applicator to penetrate painlessly. In certain variations, an
applicator may be designed to generate a magnetic field
focused on a target nerve to treat central or peripheral
neuralgias.

FIG. 38 shows a depression applicator 386 which is
designed or configured to be positioned relative to, in
proximity to or over a frontal cortex. The applicator 386 may
be ergonomic or contoured to a head to be positioned
relative to a head to stimulate the frontal cortex. The
applicator 386 may generate an electromagnetic or magnetic
field focused on the frontal cortex to treat depression. A
sensor may be positioned in the offshoots of the motor
cortex. The sensor may provide feedback to ensure appro-
priate placement of the applicator 386 or coil. In one
variation, the applicator 386 may include a therapeutic coil
and a targeting coil (e.g., a small non-treatment coil), which
may be positioned a certain distance behind the therapeutic
coil, e.g., about 5 cm behind the therapeutic coil. When
firing of the targeting coil is sensed by the sensor (or
user-feedback), the therapeutic coil may be positioned in the
correct or optimal position over the frontal cortex for
depressive therapy.

FIG. 39 shows a migraine applicator 390 which is
designed or configured to be positioned relative to, in
proximity to or over an occipital nerve. The applicator 390
may be ergonomic or contoured to a face or head to be
positioned relative to a face or head to stimulate the occipital
nerve. The applicator 390 may generate an electromagnetic
or magnetic field focused on the occipital nerve to halt,
prevent or treat migraines. The applicator 390 may have an
ergonomic design to ensure appropriate placement over the
occipital nerve. In one variation, the applicator 390 may be
a single (or few) pulse device. The applicator 390 may be in
a portable format. The applicator 390 may also be without
any significant cooling features. Optionally, the applicator
390 may have cooling features. In another variation, an
applicator may be a multiple pulse, higher frequency device.
Such an applicator may include cooling features, where
cooling is provided by utilizing liquids or airflow, such as
rapid airflow to cool the coils or applicator.

FIG. 40 shows a variation of an applicator 396 in the form
of a stimulator coil platform which may be ergonomic and
contoured to a knee. The applicator 396 is configured to be
positioned relative to or in proximity to a knee or the
applicator 396 is configured such that a knee may be
positioned relative to or in proximity to the applicator 396.
The applicator 396 may be configured to generate an elec-
tromagnetic or magnetic field focused on the popliteal nerve
for peripheral nerve stimulation to treat various conditions,
e.g., overactive bladder, neuropathic pain or restless legs. In
one variation, a stimulator coil may target an area behind a
patient’s knee or the popliteal fossa, and the knee may be
rested on a stimulator coil platform applicator in any posi-
tion.

In certain variations, an applicator may include one or two
(bilateral) magnetic field generating coils, which may be
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positioned around the knee when the patient is in a sitting,
standing or prostrate position. In certain variations, a pulse
generator or logic controller 397 may send energy through
one or more coils to create an electromagnetic or magnetic
field. The applicator or coils may generate stimulator or
non-stimulator fields. Sensor or user feedback may provide
feedback to logic controller to optimize therapy, e.g., with
the stimulator fields. An applicator may be utilized for
generating magnetic fields focused on an area of a patient’s
body, e.g., the knee, to treat various orthopedic indications,
e.g., knee pain or osteoarthritis. An applicator may be
utilized for generating magnetic fields focused on a area of
a patient’s body to treat various non-orthopedic indications,
via, e.g., peripheral nerve stimulation.

FIGS. 30A-30B, show a variation of an applicator 400
which may be utilized for popliteal nerve stimulation and/or
treatment of the knee. The applicator may be designed or
configured to generate an electromagnetic or magnetic field
focused on the popliteal nerve for popliteal nerve stimula-
tion or on the knee for treating osteoarthritis. The applicator
is configured to be positioned relative to or in proximity to
a knee or the applicator is configured such that a knee may
be positioned relative to or in proximity to the applicator. A
leg may rest on the applicator coil or be positioned above it.
Optionally, as shown in FIG. 30B, a foot rest 104 may be
provided for holding up a foot.

FIG. 41 shows a system including a variation of an
ergonomic back applicator 410 held on a patient’s body by
an ergonomic positioning element 411 in the form of a
shoulder harness. A sensor 412, and a logic controller 414
are also provided. The applicator 410 may include various
positioning elements 411, e.g., a shoulder harness, an upper
torso garment, or an ergonomic back-countered plate. The
applicator 410 may be stimulator or non-stimulator. In
another variation, an applicator may be rested on a seat or
chair such that a stimulator coil reliably overlies the area of
the patient’s body requiring stimulation. In certain varia-
tions, one or more coils may be fixed on the applicator
(requiring prior targeting by a healthcare provider or patient)
or one or more coils may move freely within or along the
applicator and may be locked into position when the desired
or optimal position is located. Coils may also move auto-
matically in order to optimize targeting of the coil based on
sensor or user feedback. The system may be incorporated
into a single unit or, as illustrated, have at least two com-
ponents including a separate logic controller.

For any of the applicators described herein, such appli-
cators may include one or more of the following features.
The applicators may be ergonomic or contoured to the
specific region of the body or anatomy to which the appli-
cator will be delivering stimulation. The applicators may be
configured or designed to be positioned relative to, on,
around, or in proximity to a specific region of the body or the
applicators may be configured or designed such that the
targeted region of the body may be positioned relative to, on,
around or in proximity to the applicator. The applicators may
be openable or adjustable to allow for insertion or entrance
of the targeted body part or anatomy into the applicator or
to allow for placement of the applicator onto or around the
targeted body part or anatomy. The applicators may be
flexible or ergonomic to accommodate nearly any type of
body habitus. In certain variations, a solenoid-type coil may
incorporated into an applicator for delivering PEMF stimu-
lation directly to the targeted areas or regions of a body. In
certain variations, any of the applicators described herein
may approximate the respective targeted body area or
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anatomy or the applicators may be designed such that the
body region or targeted anatomy may approximate the
applicator.

In certain variations, any of the applicators or systems
described herein may be used to provide electromagnetic or
magnetic induction therapy with or without a sensor.

In certain variations, electromagnetic stimulating devices
or applicators for providing stimulation to tissues of the
human body, including nerves, muscles (including superfi-
cial and deep muscles), and/or other body tissues for the
treatment of various conditions, including, e.g., chronic and
acute pain, are provided.

The devices may utilize an inductive coil encased within
an ergonomic, body-contoured applicator to target specific
regions of the body. The coils may be designed to target
peripheral nerves throughout the body that have been impli-
cated or involved in pain syndromes.

The various designs and configuration of the devices
described herein allow for easier application, more consis-
tent therapy and home use while targeting anatomic regions
with therapeutic pulsed electromagnetic fields. The fields
may also be delivered or applied in an intermittent manner
to allow for convenience and ease of use while providing a
durable benefit. With intermittent external stimulation by
pulsed electromagnetic or magnetic fields, a nerve or other
tissues may be stimulated in manner that provides a contin-
ued and lasting effect on nerve, muscle or tissue function,
without habituation.

The electromagnetic or magnetic induction stimulation
devices described herein substantially improve the state of
the art electromagnetic stimulation technology and may
incorporate the delivery of PEMF therapy into a user
friendly, body contoured applicator. In certain variations, a
delivery system for PEMF therapy may include elements
such as, e.g., (1) an ergonomic, body contoured applicator
which provides for repetitive application and consistent
therapy onto the same body area. The applicator may be
coded with clear markings to facilitate repetitive and con-
sistent therapy onto the same body area; (2) the use of a
sensor to provide feedback that stimulation is occurring
effectively; and/or (3) the use of intermittent stimulation to
effectively treat various conditions, e.g., chronic pain, with-
out habituation. These elements individually or the various
combinations of these elements have provided for an easy to
use, ergonomically designed system that has applications
within a host of clinical and home ease of use health
applications.

In certain variations, an electromagnetic or magnetic
induction stimulation device able to provide stimulation to
tissues of the human body, including nerves, muscles (in-
cluding superficial and deep muscles), and/or other body
tissues without significant discomfort to the patient is pro-
vided. Conductive stimulating coils may be encased in an
ergonomic, body-contoured applicator that is coded with
clear markings to provide for repetitive application and
consistent therapy onto the same body area. The design of
the applicator allows for ease of use and also for the
targeting of anatomic regions to be exposed to the impulses
of the PEMFs. The electromagnetic stimulating device may
provide PEMF in a manner that is patient user friendly and
the device may be portable. The device may be utilized in a
hospital, an outpatient clinic, a therapist’s office, or at a
patient’s home.

In certain variations, an electromagnetic or magnetic
induction stimulation device may stimulate regions of the
body to treat conditions requiring both maximal stimulation
(i.e., sufficient to cause contraction of muscle fibers and
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firing of nerves) as well as submaximal stimulation (which
will be sufficient to provide therapy but not to cause con-
traction of muscle fibers).

The electromagnetic or magnetic induction or stimulating
devices described herein may be utilized for various indi-
cations. The indications may be divided into maximal and
submaximal categories, in which the former requires sig-
nificantly higher levels of inducting current than the latter.
The maximal applications of the device include, but are not
limited to: Non-invasive stimulation (intermittent or con-
tinuous) of the peripheral nervous system for treating
chronic pain; stimulation of a nerve for the up- or down-
regulation of hormones or cellular proliferation; treatment
and/or prevention of atrophy, which would be therapeutic
during recovery after an individual sustains a fracture,
experiences paralysis of a limb or other body part, or
undergoes surgery, such as ACL repair in the knee; treatment
of neurogenic or overactive bladder and bowel; and stimu-
lation of the central nervous system to alter neural pathways
or up/down-regulate the aforementioned factors.

Additional applications of the devices include but are not
limited to: treatment of neuropathic pain (e.g., phantom pain
in limbs or other neurologic pain) or orthopedic pain (back
and neck pain or skeletal related pain); treatment of over-
active bladder and bowel; and treatment of arthritis and/or
orthopedic conditions.

In certain variations, a device is provided for delivering
PEMTF stimulation to selective anatomic regions of the body,
utilizing an ergonomic applicator designed to facilitate accu-
rate and targeted delivery of therapy. The applicator may be
coded with clear or solid markings to provide for repetitive
application and consistent therapy onto the same body area
of the body. This design may facilitate the placement of the
device for the stimulation of key nerves, muscles, and/or
body tissues.

In certain variations, a device is provided which may be
utilized to electromagnetically stimulate selective nerves,
muscles, and/or body tissues, where the device is user
friendly and capable of being used even by an unskilled
patient in a home healthcare setting.

In certain variations, a device is provided to electromag-
netically stimulate selective nerves, muscles, and body tis-
sues to provide consistent therapy, with an ergonomic appli-
cator targeting key nerves and eliminating the requirement
for a highly trained operator to manipulate the device.

In certain variations, an electromagnetic or magnetic
induction system or device may be configured or designed to
provide intermittently applied pulsed magnetic fields in the
treatment of chronic conditions, such as pain. For example,
a device as described herein may provide shorter, intermit-
tent stimulation to treat chronic pain or other chronic con-
ditions. The delivery of pulsed magnetic fields may have a
continued and lasting effect on nerve function in treating
conditions, such as, overactive bladder as well as other
chronic neurological and orthopedic conditions such as
neuropathic pain, restless legs and orthopedic pain (e.g.,
spinal pain, back pain, etc.)

In certain variations, intermittent pulsed magnetic fields
may be utilized for the treatment of chronic and acute
non-orthopedic conditions such as neuropathic pain, phan-
tom pain and chronic neuralgias, as well chronic and acute
orthopedic conditions, such as back pain and neck pain. The
therapeutic magnetic fields may be applied frequently (e.g.,
several times a day) or less frequently (e.g., once a week or
once a month) depending on the durability of the effect for
the individual patient. Treatment involving the use of mag-
netic fields does not require surgery or needles to stimulate
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a nerve. Also, the deliver of intermittent pulsed magnetic
fields prevents the nerve from becoming habituated to the
stimulator signal by ensuring that there are periods during
which the nerve is not subjected to the stimulator signal.
Accordingly, the electromagnetic or magnetic induction
systems or devices described herein may provide unparal-
leled ease of use, non-invasiveness, reliability of therapy
based on sensor feedback and/or ergonomic targeting, and/or
a lack of habituation due to intermittent stimulation provided
by certain systems and devices.

In certain variations, the electromagnetic or magnetic
induction systems or devices described herein may incor-
porate an air-cooled coil wherein the air coolant, e.g., liquid
or air, is drawn through and/or in between the turns of the
inductive coil, in direct contact with conductive surfaces of
the coil. Drawing air or other fluid through the coil prevents
the coil from heating up to the degree that could damage the
coil and the electronics of a device, or expose the patient to
excessive temperatures.

In certain variations, the systems and devices described
therein may be utilized to stimulate nerves for a variety of
conditions, including, e.g., atrophy prevention, nerve repair/
regeneration, neuromodulation, chronic pain, up or down
regulation of hormones, restless legs, phantom pain, etc. The
systems and devices may also be used to stimulate muscles
and/or other body tissues to accelerate tissue healing, regen-
eration and/or growth.

In certain variations, the electromagnetic or magnetic
induction systems or devices described herein and other
implantable or extracorporeal devices may allow for the
automatic adjusting of nerve stimulation based on feedback.

In one variation, an extracorporeal or implantable device,
e.g., any of the electromagnetic or magnetic induction
devices described herein, a pacemaker, defibrillator, or nerve
stimulator, may include a feature that allows for automatic
adjustment of nerve stimulation based on feedback provided
by a sensor or user. This feature may minimize pain and
power usage while ensuring optimal therapy delivery. A
device may include a stimulator and a sensing component.
The stimulator may be automatically adjustable based on
feedback from the sensor up to a maximal (safe) threshold.
Each therapy may start with lower powered pulses, followed
by increasing power pulses until the sensor detects stimu-
lation. The algorithm allows for the minimal amount of
power to be used and allows for automatic adjustment of
power settings as conditions change. 102411 In one varia-
tion, an implantable device may include a sensor, such that
the device can stimulate tissue or nerves and sense stimu-
lation at the same site. For example, the sensor may provide
feedback to the implantable device regarding nerve conduc-
tion at the site of stimulation. As fibroses develops around an
implant, at the site of stimulation, the feedback will indicate
whether a target nerve is no longer being effectively stimu-
lated due to the fibroses, which will cause the power or level
of stimulation to increase or decrease, as is necessary, to
effectively stimulate the target site and overcome any
obstruction due to fibroses. As fibroses occurs around an
implant, a patient need not report back to a physician or
other operator for adjustment of the stimulator power of the
device. The device will automatically adjust the stimulator
power or level based on sensing stimulation of the target
nerve or tissue. This eliminate the guesswork involved by
the user in monitoring their therapy one day at a time on their
own, as they notice the effect of the therapy wear off. This
also eliminates the risk of the user being exposed to unnec-
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essarily high power levels that might otherwise by set in
order to minimize frequent return visits to a physician or
operator for adjustments.

FIGS. 42A and 42 show an example of how the amount
of stimulator power required to achieve a desired stimulus
may be automatically adjusted as a result of fibroses, accord-
ing to the above described feature. According to FIG. 42A,
after the initial implant of the device, the level of stimulator
power is increased until stimulation of the target nerve or
tissue is sensed (indicated by square box at, e.g., about 10
mV). An effective stimulator therapy may then be delivered.
According to FIG. 42B, after fibroses sets in, in order to
maintain the desired level of stimulation to provide an
effective stimulator therapy, the level of stimulator power is
increased until stimulation of the target nerve or tissue is
sensed (indicated by square box, e.g., at 20 mV). According
to the example in FI1G. 42B, the presence of fibroses required
an increase in the stimulator power level to deliver an
effective stimulator therapy.

The automatic adjustment feature based on sensor feed-
back may be utilized in any stimulator or non-stimulator
implant or extracorperal device, where the device incorpo-
rates a sensor capable of detecting the desired stimulus and
a feedback loop capable of automatically adjusting param-
eters (e.g., power, frequency, etc.) to ensure appropriate
stimulation.

In certain variations, the electromagnetic or magnetic
induction systems or devices described herein and other
implantable or extracorporeal devices may include a feature
that allows for automatic targeting of coils.

A device may include multiple inductive coils or one or
more movable inductive coils. The device may also include
a sensor based feedback algorithm. In one variation, the
device includes a targeting or movable coil which may be
positioned over or in proximity to a patient’s body at a site
that elicits a response that can be sensed automatically or
detected by a user. Once this response is detected, the coil
may either move to its stimulation position, or in the event
that a small targeting coil is used, the therapeutic coil may
already overlie the treatment area. Once the response is
detected, the therapy may automatically begin.

In one example, relating to the treatment of depression,
the motor cortex is stimulated until the thumb is seen to
move. The coil may then be advanced, e.g., about 5 cm. to
about 5 inches, forward to a position over the frontal cortex.
This feature eliminates the guesswork that may otherwise be
involved in moving or positioning a coil, and automates
therapy based on user feedback or EMG sensor or other
sensor feedback, e.g., over a thumb.

FIG. 43 A shows an example of a device 420 positioned on
a skull. The device includes a treatment coil 422 and a
targeting coil 423. The treatment coil 422 may be positioned
by EMG detection with targeting coil 423 stimulation, where
the targeting coil may not move.

In another variation shown in FIG. 43B, an ergonomic
fixture or applicator 430 (e.g., a helmet) may be worn and a
coil 432 positioned on the applicator may slide or move from
its targeting position to its therapeutic position automatically
or by user intervention.

The feature that allows for automatic targeting of coils
may be utilized in any device designed to stimulate nerve,
body or other tissues with stimulator or sub-stimulator fields
in which the device may be targeted based on a detectable
signal or response.

Other conditions that may be treated utilizing the various
electromagnetic or magnetic induction stimulation systems
and methods described herein include but are not limited to:
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pelvic pain, interstitial cystitis, fibromyalgia, chronic fatigue
and preterm labor, pain syndromes, Irritable Bowel Syn-
drome, Vulvodynia, Herpetiuc neuralgia, trigeminal neural-
gia and Myofascial pain.

EXAMPLES

The following Examples are provided for illustration, not
limitation. One with skill in the art would be able to use
these examples as guidelines for making and using compa-
rable devices.

In each example, intermittent therapy should be applied
and symptoms/scores tracked for a minimum of 6 weeks in
order to determine the full extent of the therapies effect.

Example 1

Empirical Testing of Efficacy in the Treatment of Neuro-
pathic Pain: The optimal stimulus intensity for neuropathic
pain treatment; the optimal application parameters, i.e. fre-
quency of stimulation, duration of treatment, location of
stimulator coils in each disposable array of coils; and the
optimal coil diameter/placement within the strays can be
determined using the following experimental protocol:
Before, during and after treatment, patients will report
scores of neuropathic pain after weekly stimulation over a
minimum of 6 weeks.

Example 2

Empirical Testing of Efficacy in the Treatment of Neuro-
muscular Pain: The efficacy of neuromuscular pain treat-
ment can be tested by monitoring patient reported pain
scores. A standardized scale may be utilized and, when
feasible, local biopsy and blood tests can be useful in
determining the impact of the therapeutic fields on circulat-
ing factors and local mediators. The optimal pulse ampli-
tude, duration, site of stimulation will be assessed based on
reported pain scores and diagnostic tests.

Example 3

Empirical Testing of Efficacy in the Treatment of Ortho-
pedic conditions (i.e., Arthritis, Back pain and neck pain):
The efficacy of arthritis treatment can be tested by monitor-
ing patient reported functionality scores. A standardized
subjective functionality scale may be utilized and, when
feasible, local biopsy may be useful in determining the
impact of the therapeutic fields on the cartilage and arthritic
regions treated. As cartilage destruction is a well-studied
side-effect of arthritis, reduction of this degeneration will be
a valuable marker for efficacy of therapeutic treatments. The
optimal pulse amplitude, duration, site of stimulation will be
assessed based on reported functionality scores and diag-
nostic tests. Pain scores may also be measured to determine
the device’s impact on orthopedic conditions such as back
pain, neck pain, etc. A standardized pain scale may be used
before and after treatment to determine potential benefit.

It is also contemplated that any of the energy emitting
systems or devices described herein can be used with or
without a sensor for detecting conduction of a stimulated
nerve or muscle of tissue stimulation resulting from the
electromagnetic or magnetic field generated by the conduc-
tive coil and delivered to a patient or an electrical stimulus
delivered to a patient. Also, in any of the above variations,
a controller may optionally be connected, coupled, integral
to or otherwise in communication with the conductive coils
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and/or the sensor. Optionally, the sensor may be connected,
coupled, integral to or otherwise in communication with the
conductive coil.

In certain variations, transdermal electrical stimulation
therapy may be provided to a patient or subject. One or more
stimulator electrodes may be positioned over a glabrous skin
surface overlying a target nerve of the patient. Electrical
stimulation or an electrical stimulus may then be delivered
via the stimulator electrode through or across the glabrous
skin surface to the target nerve in the patient, to stimulate the
target nerve. The electrical stimulation may be delivered at
a level and in a manner sufficient to generate motor and/or
sensory nerve conduction. For example, the electrical stimu-
lation may be delivered at a frequency of about 5 Hz to about
80 Hz or about 20 HZ or 30 Hz to about 60 Hz or greater
than 30 Hz, while remaining safe and tolerable to the patient.
The stimulation may be delivered in a non-invasive manner.

The stimulator electrode may be positioned over or on
various regions of the body. In certain variations, the stimu-
lator electrode may be positioned over a palm or plantar skin
surface. For example, the stimulator electrode may be posi-
tioned over a glabrous skin surface overlying a plantar nerve
of the foot, where the electrical stimulation may stimulate
the plantar nerve. Stimulation of the plantar nerve may result
in stimulation of the tibial nerve to treat various conditions,
such as urinary incontinence or overactive bladder.

Various types of electrodes may be utilized as a stimulator
electrode, e.g., a surface electrode, microneedle electrode, a
TENS (transcutaneous electrical nerve stimulation) patch or
other electrode that may be positioned over or on the skin
surface. Optionally, a conductive substance may be injected
or implanted near the target nerve to improve electrical
conductivity to the target nerve from the stimulatory elec-
trode. Electrical stimulation may be delivered intermittently
or on a chronic basis and may include one or more electrical
signals designed to be constructive and/or destructive in
order to improve tissue penetration and/or signal tolerance.

In certain variations, nerve stimulation resulting from the
electrical stimulation therapy may be detected via at least
one sensor positioned on or near the subject. The sensor may
provide a signal indicative of the detected electrical stimu-
lation thereby providing feedback about the efficacy of the
applied electrical stimulation therapy such that the therapy
may be adjusted or optimized. The feedback loop may be
queried such that the electrical stimulation therapy may be
adjusted to ensure that the minimum amount of energy is
being applied to stimulate the target nerve while reducing
the risk of burns or intolerance. Optionally, the feedback
loop may be queried such that the positioning of the stimu-
lator electrode may be adjusted to optimize the electrical
stimulation therapy. Various sensors may be utilized, includ-
ing but not limited to a surface electrode, a microneedle
electrode, or motion sensor. In certain variations, the sensor
may detect conduction of motor and/or sensory nerves. For
example, a sensor may detect afferent or efferent nerve
stimulation of the target nerve or other nerve or related
nerve.

In certain variations, a ground electrode may be utilized.
For example, the ground electrode may be positioned on the
subject to facilitate penetration of an electrical current from
the stimulatory electrode through the glabrous surface to
stimulate the target nerve.

In certain variations, a stimulator electrode may be posi-
tioned over or attached to a glabrous skin surface with an
adhesive or other form of attachment or fastener. In other
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variations, a stimulator electrode may be positioned over or
held in contact with a glabrous skin surface with an ergo-
nomic applicator.

Various applicators for positioning electrodes over vari-
ous regions of the body to deliver electrical stimulation, e.g.,
transdermal electrical stimulation, may be utilized. For
example, an applicator may be in the form of an insole
configured to be positioned against, over, or in contact with
the plantar surface or a glabrous surface of the foot such that
an electrode positioned on the insole may deliver electrical
stimulation through or across the glabrous skin surface, to a
target nerve or other tissue within the foot. The insole may
be configured to be positioned in an orthotic or a shoe such
that electrical stimulation may be delivered to the subject
while the subject is walking. In other variations, an appli-
cator may be a foot plate or foot rest or cradle on which a
foot or other portion of the leg or body may be positioned to
receive electrical stimulation through or across a glabrous
skin surface, from the plate, rest or cradle or from electrodes
of the plate, rest or cradle.

In another variation, an applicator may be a glove, brace
or other hand wrap which is configured to be positioned
against, in contact with, or over the palmar surface or a
glabrous surface of a hand. An electrode of the glove, brace
or wrap may deliver electrical stimulation through or across
the glabrous skin surface to a target nerve or tissue within the
hand.

Various applicators or ergonomic applicators may be
utilized to provide transdermal electrical stimulation therapy
to a subject. In certain variations, an applicator may include
one or more stimulator electrodes and one or more electrical
pulse generators or controllers. The electrical pulse genera-
tor may be coupled to the stimulator electrode. The electrical
pulse generator may be incorporated into the applicator.
Optionally, the electrical pulse generator may be separate
from the applicator or located remotely from the applicator
or stimulator electrode. An applicator may include one or
more sensor electrodes configured to detect nerve stimula-
tion and/or provide feedback about the efficacy of the
applied electrical stimulation therapy. Such feedback may
allow the therapy to be adjusted, modulated and/or opti-
mized. A sensor may detect motor and/or sensory nerve
stimulation. For example, a sensor may detect afferent or
efferent nerve stimulation. In certain variations, the posi-
tioning of the stimulator electrode may be adjusted based on
feedback from the sensor in order to optimize the electrical
stimulation therapy.

The applicator may also include one or more ground or
ground electrodes. The ground electrode may be a compo-
nent of the applicator or may be attached to the subject
separately via a strap or other attachment. The ground
electrode may be positioned on the subject at a location that
facilitates penetration of an electrical current through a
glabrous surface to stimulate the target nerve, e.g., on the
opposite surface of a body portion relative to the stimulator
electrode.

As stated supra, an applicator may be designed for various
portions of the body. An ergonomic applicator may be in the
form of an insole which can be positioned against or over the
plantar surface or a glabrous surface of the foot such that an
electrode of the insole may deliver electrical stimulation
through or across a glabrous surface to a target nerve within
the foot. The insole may be positioned in an orthotic or a
shoe. An applicator may also be in the form of a foot plate,
cradle or foot rest. In other variations, the applicator may be
designed to stimulate a portion of a hand or upper extremity.
For example, an ergonomic applicator in the form of a glove
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or brace may be configured to be positioned against or over
the palmar surface of a hand such that the electrode of the
glove or brace may deliver electrical stimulation across a
glabrous surface to a target nerve within the hand.

Any of the various applicators or ergonomic applicators
described herein may be designed or configured to position
or locate one or more stimulator electrodes over or on a
glabrous skin surface of a patient to deliver transdermal
electrical stimulation through or across the glabrous skin
surface to an underlying target nerve or other tissue to
stimulate the target nerve or tissue. In certain variations, an
electrical stimulation or stimulus may be delivered at vari-
ous frequencies, e.g., at a frequency of about 5 Hz to about
60 Hz, or greater than 30 Hz, while remaining safe and
tolerable to the subject.

In other variations, one or more stimulatory electrodes
may be otherwise attached to a skin surface, e.g., as a wired
or wireless patch, adhesive or microneedle electrode in the
absence of an ergonomic applicator, to deliver electrical
stimulation across or through a glabrous skin surface to
stimulate an underlying target nerve or tissue. Such elec-
trodes may be used in combination with one or more ground
or sensor electrodes. Such stimulatory electrodes may
deliver electrical stimulation or an electrical stimulus at
various frequencies, e.g., at a frequency of about 5 Hz to
about 60 Hz, or greater than 30 Hz, while remaining safe and
tolerable to the subject.

In certain variations an applicator may include two or
more stimulator electrodes or two more stimulator elec-
trodes may be utilized without an applicator.

In certain variations, methods, systems and/or applicators
for providing an energy based stimulation therapy to a
subject are provided. An energy emitting device may be
positioned in proximity to a glabrous surface overlying a
target tissue. Energy may be delivered from the energy
emitting device through or across the glabrous skin surface
to the target tissue to stimulate the target tissue, such as a
target nerve. Various energy sources or forms of energy may
be delivered by the energy emitting device, including but not
limited to, an electric current, an electromagnetic or mag-
netic field or electromagnetic or magnetic induction stimu-
lation, ultrasound, or RF fields. Energy may be delivered at
various frequencies. For example, the energy may be deliv-
ered at a frequency of about 5 Hz to about 60 Hz, or greater
than 30 Hz, while remaining safe and tolerable to the
subject.

The energy based stimulation therapy may be utilized to
treat various conditions, including but not limited to, over-
active bladder, urinary incontinence, fecal incontinence,
chronic pain, depression, migraine, epilepsy, obesity, rest-
less leg syndrome, or foot drop. Energy may be delivered
through a glabrous skin surface to provide neuromodulation
to stimulate other tissue. Tissues that may be stimulated
include but are not limited a central nerve, peripheral nerve,
muscle, skin, or vasculature. Optionally, conductive sub-
stance may be implanted or injected near a target tissue to
improve conductivity to the target tissue.

In one variation, a method for treating urinary inconti-
nence or overactive bladder in a subject may include one or
more of the following steps, a stimulator electrode, (e.g., in
an applicator or as an adhesive or attachment electrode as
described above) may be positioned over a glabrous skin
surface overlying a plantar nerve or other nerve in the foot.
An electrical stimulation may then be delivered through or
across the glabrous skin surface to the plantar nerve to
stimulate the plantar nerve which results in stimulation of
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the tibial nerve to treat urinary incontinence or overactive
bladder, e.g., via stimulation of the sacral plexus or pudendal
nerve.

In other variations, any of the various electrical stimula-
tion methods and electrical stimulator applicators or elec-
trodes may be utilized to treat any of the conditions
described herein.

In certain variations, methods, systems and/or applicators
for providing an energy based stimulation therapy to a
subject are provided. An energy emitting device may be
positioned in proximity to or over a skin surface overlying
a target nerve or tissue. The energy emitting device may
include any of the devices, systems or applicators described
herein and/or illustrated in any of the various FIGS. 1-49,
e.g., an electrode or applicator for delivering electrical
stimulation or an applicator for providing electromagnetic or
magnetic stimulation or induction therapy. Energy may be
delivered at a frequency of about 1 Hz to about 30 Hz
through or across a skin surface (e.g., a glabrous skin surface
or any other skin surface or non-glabrous skin surface) to the
a target nerve to generate motor and/or sensory nerve
conduction while remaining safe and tolerable to the subject.
In certain variations, energy may be delivered at a frequency
of less than 10 Hz to generate motor and/or sensory nerve
conduction.

Energy delivered transdermally, through, or across a
patient’s skin at a frequency from about 1 Hz to about 30 Hz,
or at a frequency of less than 10 Hz has unexpectedly been
found to stimulate or generate motor and/or sensory con-
duction in a target nerve. For example, energy delivered
transdermally, through, or across a patients skin at about 1
Hz to about 30 Hz, or at less than 10 Hz has unexpectedly
been found to stimulate or generate motor and/or sensory
nerve conduction of a tibial nerve, where such level of
stimulation may be sufficient to treat a patient suffering from
urinary incontinence, overactive bladder, fecal incontinence
or other conditions. The energy may be delivered through or
across a glabrous skin surface or non-glabrous skin surface
or any other skin surface (e.g., any skin surface overlying a
tibial nerve).

Various energy sources or forms of energy may be deliv-
ered by the energy emitting device, including but not limited
to, an electric current, an electromagnetic or magnetic field,
ultrasound, or RF fields. The energy based stimulation
therapy may be utilized to treat various conditions, including
but not limited to, overactive bladder, urinary incontinence,
fecal incontinence, chronic pain, depression, migraine, epi-
lepsy, obesity, restless leg syndrome, or foot drop. Energy
may be delivered through a glabrous skin surface or any
other skin surface to provide neuromodulation to stimulate
other tissue. Tissues that may be stimulated include but are
not limited a central nerve, peripheral nerve, muscle, skin, or
vasculature. Optionally, conductive substance may
implanted or injected near a target tissue to improve con-
ductivity to the target tissue.

FIG. 44 shows the anatomy of a foot, providing a view of
the underside, sole or plantar or glabrous surface of the foot.
The medial and lateral plantar nerves innervate the sole of
the foot and arise from the posterior branch of the tibial
nerve. Various stimulator sites for stimulating the plantar
nerves or branches thereof may be located near, in proximity
to or along the plantar nerves. FIG. 44 shows one example
of a stimulator site 510 located over the glabrous surface of
the foot, over the plantar nerves. A second exemplary
stimulator site 512 is also depicted at a location over the
glabrous surface of the foot, over the plantar nerves, distal
to the first stimulator site 510. An energy based stimulus,
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e.g., an electrical or electromagnetic stimulus, may be
delivered transdermally, through or across a glabrous sur-
face of the foot at one or more of the stimulator sites to
stimulate the plantar nerves or other nerves in the foot.

In certain variations, electrical stimulation may be deliv-
ered transdermally, through or across a glabrous surface on
a subject, e.g., through or across a glabrous surface of the
foot or hand. The electrical stimulation may be sufficient to
generate conduction of motor and/or sensory nerves. An
electrical stimulation may be delivered by placing one or
more electrodes anywhere over or on a glabrous skin surface
overlying one or more target nerves or other target tissue.
Stimulator and/or ground electrodes may be utilized. Exem-
plary electrodes may include but are not limited to surface
electrodes, dry electrodes, gel electrodes, microneedle elec-
trodes or any other suitable eclectrode for delivering an
electrical stimulus. An electrode may be adhered or other-
wise attached to a glabrous surface. Optionally, an electrode
may be held or positioned in contact with, in proximity to,
or over a glabrous surface with a wearable garment, cradle,
applicator or body portion rest or support (as described in
further detail herein).

In one variation, electrical stimulation may be delivered
to one or more of the stimulator sites or similar sites depicted
in FIG. 44, by positioning one or more electrodes over a
glabrous surface of the foot, over an underlying plantar
nerve or other target nerve. A ground electrode (not shown)
may be positioned anywhere on the foot. For example, the
ground electrode may be positioned over a posterior or
upper surface of the foot to encourage or facilitate deeper
penetration of the electrical current or stimulation, through
the glabrous surface of the foot, to a plantar nerve or other
target nerve within the foot.

Delivery of electrical stimulation through or across a
glabrous surface of the body via an electrode positioned over
a glabrous surface, e.g., a glabrous surface on a palmar or
plantar surface, unexpectedly allows for the use of a higher
frequency and/or higher amplitude electrical pulsation or
electrical stimulus to deliver the electrical stimulation than
would otherwise be safe and/or tolerable to deliver electrical
stimulation through a non-glabrous surface of the body. For
example, an electrical stimulus having a frequency of about
5 Hz to about 60 Hz (a range found to be effective for
generating motor and/or sensory nerve conduction of the
posterior tibial nerve) may be utilized to stimulate a target
nerve (to generate motor and/or sensory nerve conduction
therein) or tissue through or across a glabrous skin surface
(via an electrode positioned over the glabrous skin surface)
in a manner that remains safe and tolerable to the patient and
avoids burns or injury. Optionally, an electrical stimulus
having a frequency of about 5 Hz to about 60 Hz, or greater
than 30 Hz, may be utilized.

In contrast, utilizing an electrical stimulus having a fre-
quency of about 5 Hz to about 60 Hz or greater to stimulate
a target nerve or tissue through a non-glabrous skin surface
(via an electrode positioned over the non-glabrous skin
surface) is intolerable and painful, resulting in burns or
injury, and thus making such a procedure impractical and not
feasible.

For example, delivering electrical stimulation through a
non-glabrous surface of the body, for example, by stimulat-
ing a site overlying a nerve near the medial malleolus to
elicit a motor response of the abductor hallucis longus,
generates a painful shock to the patient. While at a single
pulse, such as in the use for EMG diagnostics, such electrical
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stimulation may be tolerable, as the frequency increases, the
shocking sensation builds and quickly becomes painful and
intolerable.

It is contemplated that other energy sources, for example,
an electromagnetic or magnetic stimulus having a frequency
of'about 5 Hz to about 60 Hz, or greater than 30 Hz, may be
utilized to simulate a target nerve or tissue through a
glabrous surface in a manner that remains safe and tolerable
to the patient.

Various electrodes and/or applicators for applying an
electrical or other energy based stimulation to a patient are
described herein.

FIG. 45 shows one variation of an ergonomic insole or
shoe applicator for delivering electrical stimulation over the
glabrous surface of a foot. The ergonomic insole 520 may
include one or more stimulator electrodes 522 for delivering
electrical stimulation to a user. The electrode 522 may be
attached to or positioned in the ergonomic insole 520. The
ergonomic insole 520 may hold or position the stimulator
electrode 522 against, in contact with, or in proximity to a
glabrous surface of the foot, to deliver the electrical stimu-
lation through the glabrous surface to an underlying target
nerve or tissue. Optionally, the electrodes may be utilized for
providing stimulation, sensing and/or grounding. In certain
variations, the electrode may be attached to one or more
wires or may be wireless and/or coupled to an electrical
pulse generator or other generator or controller and/or may
not be attached to or positioned in an ergonomic insole. Any
of the electrodes described herein may be durable, reusable,
and/or disposable.

An electrical pulse generator 524 or other generator or
controller may be coupled to the stimulator electrode 522.
The electrical pulse generator 524 may be incorporated into
or attached to the ergonomic insole 520. A ground electrode
526 or other ground may also be provided. The ground
electrode 526 may be attached to a strap or band extending
from or attached to the ergonomic insole, an orthotic, shoe,
or shoe applicator or elsewhere on the user’s body. The
ground electrode may be attached to one or more wires or
may be wireless and/or may be coupled to the stimulator
electrode 522 and/or the pulse generator or controller. The
ground electrode 526 may be positioned anywhere on the
foot. For example, the ground electrode 526 may be posi-
tioned over a posterior or upper surface of the foot to
encourage or facilitate deeper penetration of the electrical
current or stimulation, through the glabrous surface of the
foot, to a plantar nerve or other target nerve within the foot.

In certain variations, the electrical pulse generator or
controller may be located distant or remotely from an
ergonomic insole and the electrode positioned therein. For
example, the electrical pulse generator may attached else-
where on the body, e.g., attached to a belt, inside a pocket
or strapped to the calf or other region of the body. The pulse
generator may communicate with or be coupled to the
stimulator electrode or other electrodes via a wire or wire-
lessly.

In certain variations, the ergonomic insole may be custom
built into an orthotic, shoe applicator or other support for the
foot. For example, the ergonomic insole may be built into an
orthotic or shoe applicator providing the user with the
freedom to walk around while receiving electrical stimula-
tion therapy.

Other ergonomic applicators, designed for other regions
of the body, may be utilized for delivering electrical stimu-
lation over various regions of the body. For example, FIG.
48 shows a glove, brace or other hand wrap or glove like
applicator 550. The applicator 550 may include one or more
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stimulator electrodes 552, such that the applicator 550 may
hold or position an electrode 552 over or in contact with a
glabrous surface of the hand or palmar region of the hand to
deliver electrical stimulation through or across the glabrous
surface, to an underlying target nerve or tissue within the
hand. A ground electrode 556 or other ground may be
attached to the hand at another location and/or may be
attached to a strap of the applicator. The stimulator and/or
ground electrodes 552, 556 may be coupled to an electrical
pulse generator 554, which may be positioned in the appli-
cator 550 or at various locations on or away from the patient.
Optionally, a sensor electrode (not shown) may be attached
to the patient to detect nerve or other tissue stimulation and
to provide feedback regarding the efficacy of the therapy in
order to optimize the therapy. The sensor may be coupled to
the electrical pulse generator 554.

In other variations, an applicator may be in the form of a
foot or hand plate, cradle or support. For example, a user
may rest or position their bare foot on a foot plate to receive
electrical stimulation therapy from the plate or from one or
more electrodes attached to the plate. In another variation, a
user may rest or position the palm of their hand on a hand
plate or support to receive electrical stimulation therapy
from the plate or from one or more electrodes attached to the
plate to provide upper extremity stimulation.

FIG. 46 shows another variation of an ergonomic insole or
shoe applicator for delivering electrical stimulation over the
glabrous surface of a foot. The ergonomic insole 530 may
include one or more electrodes 532 for delivering electrical
stimulation to a user. The electrode 532 may be attached to
or positioned in the ergonomic insole 530. The ergonomic
insole 20 may hold or position the electrode 532 against, in
contact with, or in proximity to or over a glabrous surface or
plantar surface of the foot, to deliver the electrical stimula-
tion through the glabrous surface to an underlying target
nerve or tissue. In certain variations, the electrode may be
attached to one or more wires or may be wireless and/or may
be coupled to an electrical pulse generator or other generator
or controller and/or may not be attached to or positioned in
an ergonomic insole.

An electrical pulse generator 534 or other generator or
controller may be coupled to the stimulator electrode 532.
The electrical pulse generator 534 may be incorporated into
or attached to the ergonomic insole 530. A ground electrode
536 or other ground may also be provided. The ground
electrode 536 may be attached to a strap or band extending
from or attached to the ergonomic insole, an orthotic, shoe,
or shoe applicator or elsewhere on the user’s body. The
ground electrode may be attached to one or more wires or
may be wireless and/or may be coupled to the stimulator
electrode 532 and/or the pulse generator or controller. The
ground electrode 536 may be positioned anywhere on the
foot. For example, the ground electrode 534 may be posi-
tioned over a posterior or upper surface of the foot to
encourage or facilitate deeper penetration of the electrical
current or stimulation, through the glabrous surface of the
foot, to a plantar nerve or other target nerve within the foot.

In certain variations, the electrical pulse generator or
controller may be located distant or remotely from an
ergonomic insole and the electrode positioned therein. For
example, the electrical pulse generator may attached else-
where on the body, e.g., attached to a belt, inside a pocket
or strapped to the calf or other region of the body. The pulse
generator may communicate with or be coupled to the
stimulator electrode or other electrodes via a wire or wire-
lessly.
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The ergonomic insole 530 may include one or more
sensor electrodes. For example, in one variation, as shown
in FIG. 46, the stimulator electrode 532 may also act as a
sensor electrode. The electrode 532 may detect stimulation
of'the underlying target nerve, to provide feedback regarding
the efficacy of the applied electrical stimulation therapy. For
example, the electrode 532 may detect motor and/or sensory
nerve conduction. Detection of and feedback regarding
nerve stimulation via the electrode 532 may provide for
automatic adjustment of the treatment parameters or may
guide or allow for manual adjustment of the treatment
parameters in order to optimize stimulation therapy. Option-
ally, an additional sensor electrode 533 may be provided as
well.

In certain variations, one or more separate or dedicated
sensor electrodes may be attached to or positioned in the
ergonomic insole to continuously and/or intermittently sense
the stimulation of a nerve. The ergonomic insole 530 may
hold or position the sensor electrode against, in contact with,
or in proximity to a glabrous surface of the foot, to detect
stimulation of the underlying target nerve, to provide feed-
back regarding the efficacy of the applied electrical stimu-
lation therapy. For example, the sensor electrode may detect
motor and/or sensory nerve conduction. Detection of and
feedback regarding nerve stimulation via the sensor elec-
trode may provide for automatic adjustment of the treatment
parameters or may guide or allow for manual adjustment of
the treatment parameters in order to optimize stimulation
therapy. The sensor electrode may be coupled or connected
to the electrical pulse generator. In certain variations, the
sensor electrode may be attached to one or more wires, may
be wireless and/or may be coupled to a pulse generator
and/or may not be attached to or positioned in an ergonomic
insole.

A sensor or applicator with a sensor may be capable of
sensing stimulation of a nerve underlying a glabrous surface
allowing for manual or automatic feedback to adjust the
parameters of the stimulation or the position of the area
being stimulated in order to optimize the stimulator therapy.

In certain variation, as sensor electrode may be positioned
or placed along the path of the nerve conduction or motor or
sensory impulse. Optionally, the sensor electrode may be
positioned proximal to a stimulator electrode, along the
nerve conduction path

In certain variations, the electrodes may be attached to
one or more wires, may be wireless and/or may be coupled
to an electrical pulse generator or other generator or con-
troller and/or may not be positioned in an applicator or
support. For example, one or more stimulator electrodes
may be adhered to or otherwise attached to a glabrous skin
surface of a patient. One or more ground electrodes and/or
one or more sensor electrodes may also be adhered to or
otherwise attached to the patient. The stimulator electrode,
sensor electrode and/or ground may be coupled to an elec-
trical pulse generator and/or each other using wires or
wirelessly. The electrical pulse generator may positioned in
various locations or located anywhere on a patient. For
example, the electrical pulse generator or controller may be
held by a patient, located on a belt or strap worn by the
patient, or positioned in a pocket or pouch on the patient.

For example, FIG. 47 shows one variation of a stimulator
electrode 542 attached to a glabrous skin surface of the foot
or sole of the foot. A ground electrode 546 may be attached
to the foot at another location. The stimulator and/or ground
electrodes 542, 546 may be coupled to an electrical pulse
generator 544, which may be positioned at various locations
on or away from the patient. Optionally, a sensor electrode
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(not shown) may be attached to the patient to detect nerve or
other tissue stimulation and to provide feedback regarding
the efficacy of the therapy to optimize the therapy. The
sensor may be coupled to the electrical pulse generator 544.

FIG. 49 shows another variation of a stimulator electrode
562 attached to a glabrous skin surface of the hand or palm
of the hand. A ground electrode 566 may be attached to the
hand at another location. The stimulator and/or ground
electrodes 562, 566 may be coupled to an electrical pulse
generator 564, which may be positioned at various locations
on or away from the patient. Optionally, a sensor electrode
(not shown) may be attached to the patient to detect nerve or
other tissue stimulation and to provide feedback regarding
the efficacy of the therapy to optimize the therapy. The
sensor may be coupled to the electrical pulse generator 564.

In certain variations, systems and methods for providing
electrostimulation (ES) of the posterior tibial nerve in indi-
viduals with OAB and UlI, via transdermal electrical fields,
are provided. Various electrodes for delivering the electrical
stimulation may be utilized, including but not limited to
surface electrodes with and without gel, microneedle elec-
trodes, and electrodes under strong pressure.

Electrical stimulation may be directed to nerves underly-
ing glabrous skin surfaces of the body (e.g., the palms and
soles). Higher levels of power (than what would be utilized
and tolerated on non-glabrous skin surfaces) may be utilized
when delivering electrical stimulation transdermally,
through or across a glabrous skin surface, while remaining
safe and tolerable. For example, stimulation of the plantar
nerves or other nerves of the foot via a surface electrode
positioned over the glabrous surface of the plantar surface is
highly tolerable and results in sensation similar to that found
with needle-based, invasive stimulation of the posterior
tibial nerve, but in a non-invasive manner.

Various devices or applicators may be applied to the feet
and/or hand or other body portions in order to stimulate
nerves underlying glabrous surfaces on an intermittent or
continuous basis. Electrical stimulation may be delivered via
surface or microneedle electrodes. Various devices may be
used in conjunction with implantable or injectable sub-
stances in order to improve electrical conductivity to a target
nerve. As described supra, the various methods and devices
for providing transdermal electrical stimulation over a gla-
brous skin surface may be used to treat any disorder that is
impacted by neuromodulation including, but not limited to:
overactive bladder, urinary incontinence, fecal incontinence,
chronic pain, depression, migraine, epilepsy, obesity, rest-
less leg, or foot drop. The methods may be applied either
intermittently or, if necessary, on a chronic basis. A stimu-
lator electrode surface may be held in contact with a
glabrous surface via an adhesive or an ergonomic applicator.

Feedback may be provided to the stimulator to indicate
that stimulation is occurring as intended. This may involve
an eMG type measurement device, a motion sensor or other
sensing device. This feedback loop may be intermittently
queried so that the stimulation may be adjusted to ensure that
the minimum amount of energy is being used to stimulate to
reduce the risk of burns or intolerance.

In certain variations, the device may include an ergo-
nomic wrap or cradle. The sensor feedback may allow for
optimization of the positioning of electrodes based on sensor
feedback further reducing the risk of burns or intolerance
while increasing the efficacy of the neuromodulation.

The methods and devices described herein may be utilized
to stimulate various body tissues, including nerve, muscle,
skin, vasculature, or any other organ or tissue within the
human body. The methods and devices may be used to treat
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any suitable condition or perform any suitable function via
neuromodulation regardless of whether the stimulation
source is electromagnetic fields, direct electric current, ultra-
sound, or RF fields.

In certain variations, methods, systems and/or devices for
performing neuromodulation and/or low frequency induc-
tion therapy through glabrous skin surfaces, e.g., through
palmar or plantar surfaces, are provided. The methods and
system may be utilized for treating or preventing various
conditions, such as urinary incontinence (UI) and/or over-
active bladder (OAB).

For example, a patient suffering from Ul or OAB may
place the glabrous surface of their foot over an insole, foot
rest or foot plate applicator to provide contact between the
glabrous surface of their foot and a stimulator electrode of
the insole, foot rest, or foot plate applicator. Alternatively, a
tethered or wired electrode may be used without an appli-
cator or separate from an applicator. The electrode may be
attached to or held in contact with the glabrous surface with
an adhesive or as a cutaneous patch.

The stimulator electrode may be positioned over the
glabrous surface along the course of a target nerve. The
stimulator electrode may be positioned proximal to a stimu-
lation site to ensure that afferent nerve stimulation occurs. A
ground electrode may be placed on the body as well. One or
more sensing electrodes may be placed along the path of the
nerve conduction or motor or sensory impulse. Stimulator
and/or sensing electrodes may be connected or coupled to a
pulse generator. The pulse generator and electrodes may be
incorporated or integrated into an insole, foot plate or other
applicator. Alternatively, the electrodes may be connected or
coupled to a pulse generator where the electrodes are not
incorporated or integrated into the insole, foot plate or
applicator.

Electrical stimulation via the stimulator electrodes may
begin at a low amplitude and may slowly be ramped up or
increased until nerve conduction is detected by the sensor
electrode and/or detected by the patient who may signal that
motor conduction has occurred, e.g., by pressing a button or
other indicator.

Once stimulation is detected, the electrical pulses or
electrical stimulation may continue for the directed duration
of use or therapy. Electrical stimulation may be delivered
intermittently to provide intermittent therapy. For example,
electrical stimulation may be delivered for 15-30 minute
intervals. In another example, electrical stimulation may be
delivered continuously to provide continuous therapy.

A sensor may remain in place for the duration of the
electrical stimulation therapy to ensure that stimulation
occurs the entire time or substantially the entire time, and to
allow for correction or adjustment if the signal deteriorates.
A controller for operating a pulse generator or sensor may be
powered by a portable power source (e.g., a battery) or a
fixed power source (e.g., a traditional wall outlet).

In certain variations, the electrical stimulation may have
of a square wave electric signal at a frequency of about 5 Hz
to about 60 Hz at the targeted tissue depth. The square wave
configuration of the signal may be generated via Fourier
transformation or may be a ramped current generated in any
manner.

The insole, foot rest, or foot plate may be removed from
the body when therapeutic stimulation is not being deliv-
ered. The insole, foot rest, or foot plate may be reapplied
along with a sensor patch (which may be disposable) as
indicated. For example, the electrical stimulation therapy my
be administered on a daily basis, where one or more of the
above steps are repeated.
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Electrical stimulation may be delivered according to any
of the variations described herein, in a manner such that the
stimulation provides motor, sensory and/or subthreshhold
stimulation. Any of the various energy based stimulation
systems described herein may be utilized to provide therapy
in various settings, e.g., in home use or to provide ambula-
tory type therapies.

In certain variations, as described supra, a device, appli-
cator, pad, bracelet, ring or garment e.g., a gel pad or gel pad
electrode, may include one or more electrodes, or have one
or more electrodes coupled thereto. The device applicator,
pad, bracelet, ring, garment and/or electrodes may deliver or
provide energy, e.g., electrical, magnetic or electromagnetic,
stimulation through or across a glabrous skin surface, e.g., a
plantar or palmar skin surface. Pain receptors may be located
deep under glabrous skin surfaces (e.g., located on the foot
or on the palm) allowing the patient to have a higher
tolerance to pain resulting from stimulation of these sur-
faces, than they might have at another area of their body.
Applying stimulation over these surfaces allows for stimu-
lation to be delivered at a higher frequency or power or at a
greater strength or for a longer duration because of the
higher tolerance to pain that a patient exhibits at these
surfaces or areas.

In addition, the device, applicator, bracelet, ring, pad
and/or electrode may include, carry or be coated with one or
more drugs, agents or therapeutic substances. For example,
the applicator or pad 520 or electrode 522, as shown in FIG.
45, or the applicator or pad 550 or electrode 552, as shown
in FIG. 48, may be coated with or otherwise include a drug
or other therapeutic substance. Optionally, one or more
electrodes may be utilized without a pad or applicator and
the electrodes may have a drug or agent coating on a surface
of the electrode. In certain variations, the applicator, pad
and/or electrode may be coated with a pain relief drug,
anesthetic or numbing agent. The pain relief drug, anesthetic
or numbing agent may provide the patient with an increased
or improved pain tolerance or may reduce or eliminate the
sensation of pain, such that the energy, e.g., electrical
stimulation, may be applied or delivered at a higher fre-
quency, higher power, greater strength and/or longer dura-
tion. The drug or agent may coat a surface of the applicator,
pad and/or electrode such that the drug or agent is located
between the applicator, pad and/or electrode and the gla-
brous skin surface of the patient when the applicator, pad or
electrode is applied to the skin, thereby applying the drug to
the skin. The drug or agent may be provided in a slow
release form or as a slow release drug or agent, such that the
coating provides a slow release of the drug, agent or active
ingredient into the patient. Any of the applicators, pads,
insoles, gloves, wraps, braces, plates, platforms, electrodes
and/or other energy delivery devices described herein for
delivering stimulation, e.g., through or across a glabrous
surface, may be coated with or include a drug as described
above.

In certain variations, stimulation e.g., energy stimulation
such as electrical, magnetic or electromagnetic stimulation,
may be provided through a glabrous skin surface at param-
eters that overcome or avoid habituation of the targeted
tissue to the stimulation. For example, stimulation may be
provided, e.g., continuously, for 10 minutes, where the
stimulation is automatically paused or stopped for about a 30
second interval every 10 minutes. This intermittent pausing
or interruption of stimulation may prevent or overcome
habituation of the target tissue, e.g., nerve, muscle or other
tissue, to the delivered stimulation.
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In one variation, the treatment parameters for stimulating
a target nerve or other tissue through a glabrous skin surface,
e.g., a plantar or palmar skin surface, may include the
following: Apply electrical or magnetic stimulation for a
duration of 30 minutes, pausing for about a 30 second
interval after 10 minutes of stimulation and then again after
another 10 minutes of stimulation. In other variations, the
treatment parameters may vary, e.g., stimulation may be
applied for an interval ranging from 0 to 100 minutes or
greater or as necessary to treat symptoms. In certain varia-
tions, for example, stimulation may be applied or provided
for 20, 40, 50 or 60 minutes. In certain variations, for
example, the pause in stimulation may be for an interval
ranging from O to 100 seconds, or 5 to 60 seconds or 20 to
40 seconds.

In other variations, stimulation at varying frequency may
be applied or provided for varying times with total stimu-
lation of 20, 40, 50 or 60 minutes. In certain variations, for
example, the change in stimulation frequency may be for an
interval ranging from 0 to 100 seconds, or 5 to 60 seconds
or 20 to 40 seconds.

In another variation, a sensor (e.g., EMG sensor) may be
utilized, which may detect signs of habituation, e.g.,
decreased stimulation or excitation of a target nerve, muscle
or other tissue (or lack of any resulting stimulation) or a
reduced response to stimulation. Through a feedback loop,
detection of habituation or stimulation levels by the sensor,
may automatically cause the stimulator to pause or stop
delivery of stimulation to the target nerve or tissue for a
predetermined interval or duration or until habituation is no
longer detected. In any of the variations described herein,
the stimulation may be paused automatically, manually or
via other controls or via an electrical pulse generator or
controller in a predetermined or preset manner and/or based
on feedback provided by a sensor.

In certain variations, electrical energy or stimulation may
be applied to glabrous skin surfaces through electrodes, e.g.,
conductive microneedle patches, needles, or other elec-
trodes, or by utilizing any of the devices or applicators
described herein. Various electrodes, devices and/or appli-
cators for providing stimulation may be applied to plantar or
palmar surfaces of a patient. For example, if applied to
plantar surfaces, electrodes may be applied to one foot or
both feet. In cases where the stimulation is applied to one
foot, the other foot may be used as ground, i.e., stimulation
may be delivered into one foot and out the other foot.
Various conditions may be treated using the devices, appli-
cators and/or electrodes and/or the various methods, thera-
pies and treatment parameters described herein, e.g., urinary
incontinence, overactive bladder, epilepsy, migraines, and
depression, etc.

In certain variations, treatment of a patient using electrical
stimulation may be monitored and/or adjusted based on the
detection of feedback signals using primarily F-wave detec-
tion or based on the detection of F-waves or M-waves, e.g.,
in a foot or hand. For example, detection of an F-wave or
F-wave feedback (e.g., via a sensor or electrode sensor) may
be used in monitoring and/or to adjust the applied stimula-
tion therapy. Optionally, stimulation may be ramped up until
an F-wave is detected and then adjusted as necessary.
F-wave detection measures nerve conduction velocity.
F-wave detection may be used as opposed to H-reflex
detection, which measures reflectory reaction from muscles.
In other variations, optionally both F-wave and H-reflex
detection may be used or solely H-reflex detection may be
used. Stimulating to a sub-motor stimulation may be per-
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formed. In certain variations, F-waves, M-waves and/or
H-reflex may be detected in the foot, hand or other body
part.

Electrical energy may be applied or delivered using any of
the devices, applicators or electrodes described herein at
specified frequencies and/or parameters or using various
duty cycles. In one example, electrical energy may be
applied at a frequency of 5 Hz to 20 Hz (e.g., to provide
supermaximal stimulation) in a train of 5 pulses followed by
a Y4 second break, and then another train of 5 pulses. Up to
10 pulses per treatment cycle may be provided. The train of
10 pulses can be repeated as needed. In another example, a
train of 10 pulses followed by a break and then another 10
pulses may applied, e.g., at a frequency of 5 Hz to 20 Hz or
at about 20 Hz. The V4 second break time may be varied as
well as the number of pulses applied and the number of
cycles. This pulsed treatment may be applied through one or
more or several cycles. The pulsed treatment or stimulation
may produce F-waves which may be detected. In certain
variations, any of the treatment parameters as described
herein may be applied where only half of the pulses are
stimulatory, e.g., one or more cycles of pulses may be
provided at 20 Hz, where only half of the pulses are
stimulatory.

In other variations, the treatment parameters may vary,
e.g., stimulation frequency may be applied for an interval
ranging from 0 to 100 minutes or greater or as necessary to
treat symptoms followed by a varying frequency for a time
interval. In certain variations, for example, stimulation at
certain frequency may be applied or provided for varying
times with total stimulation of 20, 40, 50 or 60 minutes. In
certain variations, for example, the change in stimulation
frequency may be for an interval ranging from O to 100
seconds, or 5 to 60 seconds or 20 to 40 seconds.

Certain frequencies, e.g., frequencies applied at greater
than 20 Hz, may lead to a painful condition called tetany
(i.e., painful, involuntary muscle cramping), which is an
indication that the upper level for frequency has been
reached in the patient. Tetany may be monitored using a
sensor, e.g., an EMG sensor or Electromyography, to pro-
vide feedback regarding tetany. Tetany may be distinguished
by EMG. FIG. 50 shows an example of an EMG reading
showing a gradual increase in the detected level of stimu-
lation or electrical activity, up to a level where tetany is
likely experienced. Once the system detects the beginning of
tetany or provides tetany feedback, the treatment frequency
or power (of the stimulation delivered by an electrode or
device) may be reduced, adjusted or halted automatically or
manually. The frequency at which tetany is experienced may
vary in different individuals.

In one variation, a treatment device or applicator for
delivering energy, e.g., electrical energy, may include a
platform with one or more microneedles, microneedle elec-
trode, or other electrodes positioned upon the platform.
Microneedles may vary in length to penetrate different
layers of the skin, e.g., to penetrate a callus on the skin. A
patient may place their foot upon the platform to receive
treatment. Optionally, a separate strap having a feedback/
monitoring electrode or electrode sensor may be wrapped
over the foot to place or position a feedback/monitoring
electrode on the patient. The strap and feedback electrode or
electrode sensor may be coupled to the platform or be
separate. In another variation, the stimulatory electrode may
be positioned in a shoe, sock or glove of a patient. In certain
variations, a TENS electrode or stimulator may be utilized.

Detection of stimulation, excitation, or conduction using
a sensor may provide information to optimize or adjust the
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applied therapy. If no or reduced stimulation, excitation,
electrical activity, response, F-waves, and/or EMG is
detected during treatment, this may be indicative of a
mis-positioned foot, palm or other body part relative to the
one or more electrodes or the device or applicator.

Various conditions may be treated using the devices,
applicators and/or electrodes and/or the various methods,
therapies and treatment parameters for providing stimulation
as described above, e.g., urinary incontinence, overactive
bladder, epilepsy, migraines, and depression, etc.

In certain variations, electrical, electromagnetic, magnetic
energy and/or other energy may be utilized to provide
stimulation according to any of the systems and/or methods
described above.

The present invention may use electrical stimulation of
one or more of the Ulnar nerve, the Median nerve, the tibial
nerve, or other nerves, either alone or simultaneously, sepa-
rately or with other types of therapy to treat various neuro-
logical conditions, including neuropathies, migraine, pain,
headaches, depression, epilepsy, post-traumatic stress disor-
der, overactive bladder, incontinence, subcutaneous fat,
effects of stroke, memory enhancement, etc. In some
embodiments, treatment can be combined with certain drugs
to increase treatment effectiveness.

Devices used to stimulate one or more of the Ulnar,
Median or Tibial nerves can be a completely external device,
a fully implantable device or a device that comprises both
external and internal components. The devices typically
comprise a pulse generating component that provides an
electrical wave form as output. The electrical pulse com-
prises certain typical parameters, such as pulse width, fre-
quency, number of pulses and amplitude among other
parameters. The choice of parameters may depend on the
nerve, the location of the electrodes, the desired effect
sought and the amount of time the therapy treatment occurs.

One method of using the present invention is to stimulate
one or both of the Ulnar and Median nerves to treat
migraine. The Ulnar and Median nerves innervate portions
of'the arm and hands. FIG. 51A shows the anterior or palmar
view of the forearm and the Ulnar nerve. FIG. 51B shows
the anterior view of the cutaneous distribution of the Ulnar
nerve. FIG. 51C shows the posterior view of the cutaneous
distribution of the Ulnar nerve. FIG. 52 shows a close up
view of the Ulnar nerve and its branches including the
palmar branch. FIG. 53 shows a close up palmar view of the
palmar branch of the Ulnar nerve including the area of
sensation.

FIG. 54 A shows an anterior view of the Median nerve of
the forearm including the Median nerve’s palmar branch.
FIG. 54B shows the anterior or palmar view of the Median
nerve’s cutaneous innervation. FIG. 54C shows the posterior
or dorsal view of the Median nerve’s cutaneous innervation.
FIG. 55 shows a close up anterior or palmar view of the
Median nerve’s palmar branch in the hand and its area of
sensation.

FIG. 56 A shows the anterior view of the forearm includ-
ing the Median and Ulnar and their respective palmar
branches. FIG. 56B shows the anterior or palmar view and
the posterior or dorsal view of the distribution of the
cutaneous nerves.

FIGS. 56C-56F show branches of the Tibial nerve, elec-
trode placement and innervation of the plantar portion of the
foot. In FIG. 56C, the Tibial nerve and its branches are
shown extending from the Sciatic nerve. The Tibial nerve
continues to the bottom of the foot as show in FIG. 56D.
FIG. 56E shows possible placement of electrodes 5602 and
EMG pad 5604 containing multi electrodes, all of which are
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connected to controller 5604. Both electrodes 5602 may be
microneedles or both may be patch or surface electrodes or
one may be a microneedle electrode while the other is a
patch electrode. FIG. 56F shows how placement of the
electrodes correspond to the various cutaneous innervation
regions on the bottom of the foot.

FIG. 57 is a diagram showing a mapping of the human
cortex as laid out against the various lobes. An area of
possible interest related to the present invention is the
primary motor and somatosensory cortex. As is known,
sensory inputs and motor outputs are arranged along each of
these two cortexes. However, the human body does not scale
perfectly proportionally across these cortexes. In order to
understand how the various parts of these areas relate to the
body, it is helpful to view a cortical homunculus. The conical
homunculus is a physical representation of the human body,
located within the brain. A cortical homunculus is a neuro-
logical “map” of the anatomical divisions of the body. There
are two types of cortical homunculi: sensory and motor.

For example, as is show in FIG. 58, different areas of the
human body take up different cortical “real estate” of the
somatosensory cortex. One can see by such mapping, that
the hand takes up much more of the somatosensory cortex
than, for example, the head, neck or trunk, even though
physically, the head, neck and trunk take up more physical
space on the body.

A different way of visualizing the cortical homunculus in
FIG. 58 is shown in FIGS. 59A and 59B. As shown in FIG.
59A, that the human hands and face, including the lips and
tongue, take up a larger part of the cortexes than is propor-
tional to their size relative to the rest of the human body.

FIG. 60A shows an exploded view of the external gen-
erator or controller that can be used in some embodiments of
the present invention. The external generator/controller has
housing 6002 which contains internal components. The
internal components may include a microprocessor,
memory, a battery, on/off switches and various other elec-
tronic components for storing various operational and func-
tional programs and executing those programs in accordance
with a desired instruction set for the relevant indication or
neurological malady. Such programs will include but not be
limited to instructions related to the parameters for elec-
tronic pulses which emit from the electrodes. They typical
instruction set will include the desired pulse width, fre-
quency, amplitude and the desired time intervals, and pos-
sibly, time length, for the therapy. The instructions may
include more or less information as desired, such as burst
modes, high frequency sequencing, coordinated reset func-
tions and the like. In addition to delivering pulses, the
generator/controller may also contain electronics for sensing
F and M waves, and the ability to display, interpret and/or
act on such sensed F and M waves. “Acting on” may mean
that the controller analyzes and determines whether the
parameter instruction set requires adjustments in order to
maximize therapy effectiveness. If an adjustment is required,
the instruction set will either make an automatic adjustment
or send an alert or other information to the display to prompt
a manual adjustment.

FIG. 60B shows the external generator/controller in FIG.
60A in a non-exploded view with electrodes 6004 and 6006
and F/M wave sensors 6008 all connected via insulated
wires. The display 6010 shown in this example displays an
M-wave confirmation result 6012 and an F-wave display
6014 that shows the F-wave percent. The display may show
other information such as the pulse parameters described
above. In some embodiments, the external generator/con-
troller provides a manual mode switch for determining
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which mode the system will be set to. It also contains an
on/off switch and a display for displaying various informa-
tion relating to the therapy and/or pulse parameters. The
system may include two electrodes, one of which can be a
percutaneous microneedle electrode and one a return elec-
trode. It should be understood, though, that any of the
systems may contain two surface, or skin, electrodes or two
percutaneous microneedle electrodes or one microneedle
electrode and one surface electrode. The microneedle elec-
trodes may be similar to those disclosed herein, or to those
already known in the art and currently sold on the market.
This embodiment may also have one or more EMG sensing
electrodes to sense F-Wave and M-Wave electrodes. All the
electrodes may be connected to a generator/controller via a
connection cable or wireless connection.

FIG. 60C shows another embodiment of a generator/
controller. This generator/controller can have all, some of, or
additional attributes as those generator/controllers disclosed
herein. FIG. 60C has the components in a compact, portable
case. It may have advanced features, such as wireless
communication, such as Bluetooth®, or other wireless tech-
nology, and the ability to communicate with current smart-
phones or other computers via different applications. For
example, any of the embodiments disclosed herein may
include a controller which sends, and possible receives, data
to/from a centralized server wirelessly. The connection may
be via wi-fi, Bluetooth®, cellular connection etc. The con-
troller may be a smartphone, tablet, or other computer and/or
may communicate with a smartphone, tablet, or other com-
puter. The data sent from the controller and/or received by
the controller may be anonymous or patient specific data.
The data sent/received may be specific to one person or may
be aggregate data of more than one user.

Alternatively, all or some of the functions of the genera-
tor/controller may be incorporated into a mobile computing
device, such as a smart phone, tablet, mobile phone etc. The
mobile computing device may include an “app” or applica-
tion installed on the mobile device, which controls the
functions of the electrodes, display and/or mobile device.
The electrodes may be incorporated into the casing of the
generator/controller, for example in a ball or handheld
format. The electrodes may be incorporated into a casing
which is physically attached to a mobile computing device.
The casing may be powered by the mobile computing device
or may be powered separately. Electrodes may be dry and
built into the case for stimulation and EMG so that the user
is in contact with the electrodes when the case is gripped.
Electrodes may alternatively be wet and replaceable with
attachments, such as snaps, which attach to, or connect to,
the case. The app may use an EMG incorporated into the
case, or may use accelerometers in the mobile device itself
to measure intensity of stimulation. Since the gripping of the
case may cause the fingers of the user to lay on the
touchscreen display, the touchscreen may sense contraction
of the fingers/hand and give an indication of stimulation
presence/intensity. The touchscreen may sense the manner in
which the fingers move (distance, direction, number of
fingers etc.) or with 3D touch, the pressure on the screen
may be measured.

The generator/controller and/or electrodes may also be
incorporated into a glove.

FIG. 60D shows four exemplary patch electrodes that are
suitable to use with the present invention. Patch 6011 is a
patch electrode with only one surface electrode contact area,
1. Patch 6012 is a patch electrode configuration where the
patch contains 2 electrode contact areas, 1 and 2. Likewise,
patch 6013 includes 3 electrode contact areas, 1, 2 and 3.
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Patch 6014 includes 4 contact areas, 1, 2, 3 and 4. Patch
6015 includes 5 electrode contact areas, with one contact
area, 3, being configured to serve as a possible ground for
the other electrodes.

FIG. 60D shows a few of the different configurations of
electrodes. These contact areas can be equally spaced or
spaced according to the anatomy of the desired stimulation
area. For example, in patch 6014, contact area 4 may be the
same size or smaller or larger than contact area 3 depending
on the stimulation area desired. Additionally, FIG. 60D show
patch electrodes, but it should be understood that the
descriptions here are translatable to microneedle electrodes
used alone or in conjunction with patch electrodes or fully
implantable electrodes or both.

FIG. 61A shows electrodes designed for the palmar sur-
face of the hands along with F/M wave detecting electrodes
6105. In FIG. 61A, contact electrode(s) 6101 are placed
across the upper palm portion of the hand and second
electrode 6102 is place across towards, near or on the heel
of the hand. The electrodes are connected to generator/
controller 6104 and electrical pulses are delivered to the
hand per the instructions on the controller. Depending on the
length “L” and placement of electrode 6101, electrical
stimulation of the hand will stimulate the Median or the
Ulnar nerve or both. It should be understood that depending
on the therapy and other considerations, the desired stimu-
lation may be either one or both the Ulnar or Median nerve.

FIGS. 61B-61G shows electrodes with a length [.' and L"
(L" may be the same or different size from L") that are placed
in a manner that will increase the likelihood that only the
Median or Ulnar nerve will be stimulated, if that is the
desired stimulation result. For example, FIG. 61B shows
electrodes 6106 and 6108 placed in a manner that will either
preferentially or only stimulate (depending on the param-
eters and desired therapy) the Median nerve. FIG. 61C
likewise shows placement of electrodes 6110 and 6112 to
preferentially or only stimulate the Ulnar nerves. FIG. 61D
shows an exemplary external stimulating pair of patches
6114 and 6116, each containing two electrodes (A and B)
that can be used to alternatively stimulation the Ulnar and
Median nerve if that is the desired stimulation therapy. FIG.
61FE shows electrodes 6118 and 6120 on the posterior
portion of the hand to stimulate the Ulnar nerve. FIG. 61F
shows electrode(s) 6122 on the anterior portion of the hand
and electrodes 6124 on the posterior portion of certain
fingers to stimulate the Median nerve. It is important to note
that in FIG. 61F, one, two or all three fingers could be
stimulated depending on the desired stimulation result
sought. FIG. 61G shows electrode 6126 placed on the
anterior and electrode 6128 placed on the posterior portion
of the hand to stimulate both Ulnar and Median nerve
simultaneously.

FIGS. 61A-61G are exemplary only. The present inven-
tion contemplates placing the electrode patches in one or
more of the combinations listed above, or in other combi-
nations, as required to achieve the desired stimulation
therapy. Also, the present invention contemplates using
single patch electrodes or one or more patches with two or
more electrodes each that may stimulate with a more refined
or focused field. For example, it is known in the art to use
“anodal guarding” to localize the electric field to stimulate
the desired areas while electrical “guarding” or reducing the
field to not stimulate those other areas surrounding the
particular focus of the stimulation therapy. Additionally,
while not shown in FIGS. 61B-61G, the invention contem-
plates that sensing electrode(s) (as shown in FIG. 61A) may
be used in these combinations. FIGS. 61A-61G show patch
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electrodes, but it should be understood that the descriptions
here are translatable to microneedle electrodes used alone or
in conjunction with patch electrodes or fully implantable
electrodes (such as those disclosed below) or both.

The type of energy delivered to the nerve or nerves during
stimulation by the device may depend on the pulse param-
eters. For example, in one therapy type, the pulse parameters
have a frequency of somewhere between about 1-20 hz, a
pulse width between about 0-500 microseconds and an
amplitude of between about 0 and 90 mA. In another
therapy, high frequency stimulation can be used, namely
frequencies from about 20 hz up to about 10,000 hz. Such
high frequencies can be effective using either external
electrodes, or fully implantable electrodes, or both. The
electrodes are placed in a location to stimulate the Ulnar
nerve, the Median nerve or both nerves.

The energy pulse amplitude may also vary during the
treatment. This modulation can increase both comfort and
efficacy. For example, the pulse energy applied to the
electrodes may be at 100% amplitude for X pulses (for
example, 5 pulses) and then at a lower amplitude (for
example, 50% amplitude) for Y pulses (for example, 5
pulses). The pulse amplitude and length may vary, for
example, there may be two amplitude levels, or 3 or more.
The different amplitude durations may be the same, or they
may be different. The amplitude variations may be preset, or
may be reset during the use of the device.

FIG. 62 shows one example of varying amplitudes where
the amplitude magnitude is 100% and 50%, each for 5
pulses, alternating between 100% and 50% amplitude. More
complicated variations are also envisioned. For example, the
amplitude may vary in a sine function, or a multiple level
function with the different amplitude lengths varying per
amplitude. The amplitude variations may be the same across
users or custom to each user, or even each user experience.

The parameters of the amplitude function include ampli-
tude as a percent of maximum, amplitude time length,
amplitude number of pulses, number of different amplitudes,
order of different amplitudes, etc. These parameters may be
communicated to a remote server for analysis to optimize
treatment of individual users in the future. The data may also
be aggregated (preferably anonymously) to develop treat-
ment algorithms for different patient populations. Effective-
ness input from the individual users may also be incorpo-
rated into the algorithms, for example pain level over time,
comfort level, medication taken etc.

Similarly, pulse frequency parameters can also be modu-
lated. Similarly, pulse width parameters an also be modu-
lated.

In some embodiments of the device, an amplitude (and/or
frequency) modulator adapter may be added to a commer-
cially available TENS (Transcutaneous Electrical Nerve
Stimulation) device. This adapter would modulate the
amplitude and/or frequency of the signal produced by the
TENS device so that the signal delivered to the user via the
electrodes can be optimized for comfort and efficacy.

Some embodiments allow the user to use the device
inconspicuously, for example at work, or in a meeting. The
electrodes may be part of a phone case so that the user’s
hand is in contact with the electrodes while holding the
phone. The electrodes may be part of a beverage mug,
computer mouse, steering wheel, etc.

Feasibility Study.

A feasibility study was conducted stimulating the Ulnar
and Median nerve of the hand, and the Tibial nerve of the
foot. The following paragraphs are the steps taken during the
study. One should note that it is recognized that these steps
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are not exclusive and more or fewer steps may be taken.
Additional, while the feasibility study occurred under a
controlled setting, such limitations are not required for the
invention in practice. Therefore, these steps, the parameters,
etc., are to show the one implementation of the invention,
but do not restrict the invention in any way.

A study was performed to assess the non-invasive periph-
eral nerve stimulation device to treat triggered migraine
attacks. Stimulation was introduced to the palmar surface of
each hand (distal branches of median and ulnar nerves) and
plantar surface of each foot (distal branches of posterior
tibial nerve).

Methods

Volunteer participants who met ICHD-III beta criteria for
episodic migraine without aura were given an intravenous
infusion of glyceryl trinitrate to trigger an attack. Triggered
attacks were then treated with the peripheral nerve stimu-
lation device: 15 minutes at each extremity, in random order.
The primary outcome measure was pain relief (i.e. mild or
no pain) at two hours.

Results

See FIG. 64 for the following discussion. Seven patients
were enrolled: 5 women, 2 men; mean age 33.7 years (SD
11.5). Mean headache frequency was 7.1 (SD 2.8) days/
month. Five successfully had a migraine attack triggered.
The mean time to trigger was 110 minutes (SD 65). Of the
five, 4 (80%) had mild/no headache at two hours. One
needed headache rescue medication at 2 hours. Of four with
follow-up data, none had recurrent headache within 24
hours.

The details of the use of the device to treat a migraine
follows. This is an example of using the system, but is not
the only way to stimulate the Ulnar, Median or Tibial nerves.

The operator (physician, physician’s representative, com-
pany representative or patient) connects the stimulator,
electrode patches, and EMG electrodes to the generator/
controller at their appropriate connectors. The operator then
places the electrode patches on the palmar surfaces of the
patient at the correct locations per the instructions for use
(see FIGS. 61A-61G for examples of the placement loca-
tions). Additionally, two or more small, self-adhering EMG
foam/hydrogel patches were placed over the Ulnar muscle
during palmar stimulation to provide real-time electromyo-
graphic evaluation of nerve stimulation. It should be noted
that the whether the patches and F/M wave clectrodes are
placed on the hand prior to connecting to the generator/
controller or after is not important. The patient is typically
seated comfortably and each hand is stimulated. The stimu-
lation can be for each hand at the same time, one at a time
or just one hand alone. In a recent study of 7 patients, each
hand was stimulated one at a time for 15 minutes each.

Once the electrodes are connected, the generator/control-
ler is turned on to the lowest setting in pretreatment confir-
mation mode. The operator increases the setting of the
power until the patient experiences maximal stimulation as
demonstrated by finger-curl or until the limit of patient
tolerability is reached or the maximum power setting is
reached. During confirmation mode, the system displays the
power setting, captured M[] and F[] waves, and the battery
power status indicator.

Once the power setting has been determined, the power
setting is set by the operator via the current control knob, if
necessary. The operator actuates the mode button to start the
treatment mode. The embedded software of the generator/
controller then automatically completes a 15-minute session
of treatment at the pre[Jdetermined output cycle. In this
configuration, the operator does not adjust the settings of the
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output of the generator/controller during the treatment. The
output screen displays the captured electromyographical
waves during treatment, a timer, and a battery power status
indicator.

After the 15-minute treatment is complete, as determined
by the internal software timer, the generator/controller
returns to non[ ltreatment mode (no output to the treatment
leads and no EMG capture/display). The operator turns the
generator/controller off and removes the electrodes from the
patient’s hand and optionally repeats the treatment protocol
on the second hand.

An example of a Set up Procedure:

Check the battery level.

Place the electrode on the palm (FIGS. 61 A-G). Locate
the placement site for the electrode. The median and Ulnar
nerve access sites are located on the upper and base of the
palm. To prepare the electrode placement site, use an alcohol
pad to clean the skin area surrounding the identified place-
ment site. Place the patient in a comfortable position, supine
or sitting, for easy access to the placement site. Open the
electrode package, remove the electrode then remove the
backing to expose the patient contacting side. Place the
electrodes patient contacting side over the identified and
cleaned placement site. Hold the electrode pads parallel to
the placement site and place the electrode pads. Connect the
electrode electrical wire lead to the signal generator/con-
troller. If one desires to use the F/M Wave electrodes to
confirm therapy, then add two or more small, self-adhering
foam/hydrogel patches to the hand. Cable leads will connect
the electrodes to the device to monitor and record M-Wave
and F-Wave appearance.

Determine Current Setting for Therapy. Turn on the signal
generator/controller. In order to determine stimulation of
afferent pathways, intermittent pulses are masked to confirm
and record M-waves and F-waves. By default, the current
when the signal generator/controller is powered on is 0 mA.
Slowly increase the current amplitude (90 mA maximum
level in the particular generator/controller used) to the
patient’s maximum tolerability while observing the patient’s
hand for a response. Patient response is generally a finger
curl, flex or fan, or an extension of the entire hand. The
patient may also report a tingling sensation across the palm
or heal of the hand. Once the patient’s maximum tolerability
is reached, reduce current amplitude setting by one level. By
observation, confirm M-wave appearance and confirm active
neurostimulation of the Median and Ulnar nerves via
F-Wave appearance on the feedback monitor. If the incre-
mental adjustment of current amplitude fails to elicit finger
curl, flex or fan, inactivate the current (O mA) and reposition
the electrode slightly. Resume therapy using the preceding
instructions. If repositioning the electrode and repeating the
current step-up procedure fails to elicit patient response,
discard the electrode. Open another electrode, and repeat the
procedure on the other hand.

Conduct therapy. After the current level is established, the
operator will initiate 15-minutes of ongong electric stimu-
lation. Begin therapy at the current amplitude determined
above. The current can be adjusted to increase or decrease
the current level at any time during therapy. In order to
determine stimulation of afferent pathways, intermittent
pulses are masked to confirm and record M-waves and
F-waves. When the therapy time has elapsed, inactivate the
current (0 mA).

Repeat Treatment Session. Repeat the steps above on the
opposite hand then complete treatment session.

Complete Treatment Session. Turn off the signal genera-
tor/controller. Remove the cable leads from the electrodes.
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The treatment session is now complete. Remove electrodes
from the patient. The skin may be cleaned with wipes to
remove gel residue on the skin from the electrodes.

In the study conducted, the stimulation system that com-
prised an electrode that connected by an electrical cable to
a battery[Jpowered pulse source (electrical signal generator/
controller). The signal generator/controller produced an
adjustable electrical pulse that traveled to the brachial nerve
plexus via the Median and Ulnar nerves when applied to the
palmar surface of the hand.

Study Device Details:

The electrode was placed onto the hand and used to
stimulate the Median and Ulnar nerves on the hands. The
system consists of a 9 volt battery powered electrical signal
generator/controller with electromyographical capture, dis-
play, and patient contact leads and electrodes.

The generator/controller housing is a plastic enclosure
with an on/off switch, adjustable current control, mode
switch button, and LCD screen facing the operator. The
generator/controller has connections for a stimulation elec-
trode (output), return electrode (input) and two electromyo-
graphic (EMG) capture electrodes (input). The generator/
controller housing has a removable door for replacement of
the 9 volt battery. The housing encloses the printed circuit
board assembly and prevents contact by the user with the
internal electronics.

Physical Principles to External Generate Output:

The generator/controller is a 9-volt battery powered,
microprocessor controlled, electrical-neural stimulator with
embedded software that delivers pulses of DC energy to the
patient via the stimulation and return electrodes. The device
simultaneously reads electromyographical signals from the
patient via the EMG electrodes and displays them on a
display screen. The goal is to stimulate the Median and
Ulnar nerves of the treated hand.

Electrical Current Settings

There is an adjustable dial to increase/decrease current

setting levels with a current range of 0 mA to approxi-
mately 90 mA. The signal generator/controller display
has a current setting readout. At level 0, the device
produces 0 mA current.

Pulse characteristics:

Used a fixed pulse frequency of 20 Hz, but can be
0-1000 hz

Used a pulse width of 200 microseconds but range can
be 0-500 microseconds

Used a generator/controller with max amplitude of 90
mA, but range can be up to 200 mA

Square waveform, but can use other shaped waveforms

Stimulation Signal Program

See FIG. 62, which shows the pulse train used in this
study for the following discussion. The generator/controller
used embedded software to output patterns of monophasic
square wave DC energy at a 20 Hertz frequency. The
amplitude of the square waves of the system is adjusted by
the current controller on the generator/controller in order to
achieve complete stimulation. The output program used in
this study consisted of patterns of 5 pulses of maximum
stimulation followed by 5 pulses of half-maximum stimu-
lation for a 15 minute long preprogrammed treatment time.
But other paradigms can be used.

During initial testing of the system, the 100%/50% duty
cycle enabled neurostimulation of the peripheral nerves
without inducing tetany (muscle pain). The maximum length
of maximal neurostimulation without tetany using a 20 Hz
pulse train was found to be 0.5 seconds (10 pulses at 20 Hz).
Trains of pulses at this frequency were also found to be
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tolerable as long as there was at least 0.25 seconds of
non-maximal, or resting, stimulation between trains.

The stimulation of the peripheral nerves with the system
is intended to be tolerable for the patient while generating
neural stimulation. In this study, the duty cycle, frequency,
shape, length of each pulse, and length of the treatment
program were fixed, and the amplitude of the square waves
was adjustable by the operator.

Principles of Electromyography

See FIG. 63 for the following discussion. The system also
captures and displays electromyographic information during
the treatment. Electromyography is the study of the electri-
cal signals in the muscles for analysis of the behavior of the
muscle or nervous systems in a body. During electrical
neural muscle stimulation, signals called M-waves and
F-waves are created by the body in the stimulated muscles
and nerves in response to the electrical stimulation. In
neuroscience, the M-Wave is the first, and the F-wave is the
second, voltage change observed after electrical stimulation
is applied to the distal region of a nerve. F-waves are often
used to measure nerve conduction velocity, and are particu-
larly useful for evaluating conduction problems in the proxi-
mal region of nerves (i.e., portions of nerves near the spinal
cord). The signal is called the F-wave because it was initially
recorded in the foot muscles.

In a typical F[Owave study, a strong electrical stimulus
(above maximal muscle stimulation levels) is applied to the
skin surface above (proximally to) the distal portion of a
nerve so that the impulse travels both distally (towards the
muscle fiber) and proximally (back to the motor neurons of
the spinal cord; these directions are also known as ortho-
dromic and antidromic, respectively). When the orthodro-
mic stimulus reaches the muscle fiber, it elicits a strong
M([response indicative of muscle contraction (M[Jwave).
When the antidromic stimulus reaches the motor neuron cell
bodies, a small portion of the motor neurons fire in the other
direction and an orthodromic wave travels back down the
nerve towards the muscle. This reflected stimulus evokes a
small proportion of the muscle fibers causing a small, second
compound muscle action potential (CMAP) called the
F[Owave.

FIG. 63 shows a graph of detected voltage vs. time and
shows M-wave 6304 and F-wave 6306 following stimula-
tion 6302. This type of graph may be displayed by the
controller to the end user. Alternatively, a different param-
eter of an M-wave and/or an F-wave may be displayed to the
user, such as whether or not the wave exists, the amplitude
of the wave, the travel time of the wave, etc.

The generator/controller may capture and display both the
M-wave and F-wave on the display screen during confir-
mation and treatment modes. Being able to view the
M[Owaves and F[Owaves during treatments allows the
operator to confirm maximal stimulation of the nerve in
question (Ulnar, Median or Tibial) and its branches in the
feet; and the median and Ulnar nerves in the hand.

Example of Data Processing System

FIG. 65 is a block diagram of a data processing system,
which may be used with any embodiment of the invention.
For example, the system 6500 may be used as part of a
controller, server, mobile device, hand piece, computer,
tablet, etc. Note that while FIG. 65 illustrates various
components of a computer system, it is not intended to
represent any particular architecture or manner of intercon-
necting the components; as such details are not germane to
the present invention. It will also be appreciated that net-
work computers, handheld computers, mobile devices, tab-
lets, cell phones and other data processing systems which
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have fewer components or perhaps more components may
also be used with the present invention.

As shown in FIG. 65, the computer system 6500, which
is a form of a data processing system, includes a bus or
interconnect 6502 which is coupled to one or more micro-
processors 6503 and a ROM 6507, a volatile RAM 6505,
and a non-volatile memory 6506. The microprocessor 6503
is coupled to cache memory 6504. The bus 6502 intercon-
nects these various components together and also intercon-
nects these components 6503, 6507, 6505, and 6506 to a
display controller and display device 6508, as well as to
input/output (I/O) devices 6510, which may be mice, key-
boards, modems, network interfaces, printers, and other
devices which are well-known in the art.

Typically, the input/output devices 6510 are coupled to
the system through input/output controllers 6509. The vola-
tile RAM 6505 is typically implemented as dynamic RAM
(DRAM) which requires power continuously in order to
refresh or maintain the data in the memory. The non-volatile
memory 6506 is typically a magnetic hard drive, a magnetic
optical drive, an optical drive, or a DVD RAM or other type
of memory system which maintains data even after power is
removed from the system. Typically, the non-volatile
memory will also be a random access memory, although this
is not required.

While FIG. 65 shows that the non-volatile memory is a
local device coupled directly to the rest of the components
in the data processing system, the present invention may
utilize a non-volatile memory which is remote from the
system; such as, a network storage device which is coupled
to the data processing system through a network interface
such as a modem or Ethernet interface. The bus 6502 may
include one or more buses connected to each other through
various bridges, controllers, and/or adapters, as is well-
known in the art. In one embodiment, the I/O controller 6509
includes a USB (Universal Serial Bus) adapter for control-
ling USB peripherals. Alternatively, I/O controller 6509 may
include an IEEE-1394 adapter, also known as FireWire
adapter, for controlling FireWire devices.

Some portions of the preceding detailed descriptions have
been presented in terms of algorithms and symbolic repre-
sentations of operations on data bits within a computer
memory. These algorithmic descriptions and representations
are the ways used by those skilled in the data processing arts
to most effectively convey the substance of their work to
others skilled in the art. An algorithm is here, and generally,
conceived to be a self-consistent sequence of operations
leading to a desired result. The operations are those requir-
ing physical manipulations of physical quantities.

It should be borne in mind, however, that all of these and
similar terms are to be associated with the appropriate
physical quantities and are merely convenient labels applied
to these quantities. Unless specifically stated otherwise as
apparent from the above discussion, it is appreciated that
throughout the description, discussions utilizing terms such
as those set forth in the claims below, refer to the action and
processes of a computer system, or similar electronic com-
puting device, that manipulates and transforms data repre-
sented as physical (electronic) quantities within the com-
puter system’s registers and memories into other data
similarly represented as physical quantities within the com-
puter system memories or registers or other such informa-
tion storage, transmission or display devices.

The techniques shown in the FIGS. can be implemented
using code and data stored and executed on one or more
electronic devices. Such electronic devices store and com-
municate (internally and/or with other electronic devices
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over a network) code and data using computer-readable
media, such as non-transitory computer-readable storage
media (e.g., magnetic disks; optical disks; random access
memory; read only memory; flash memory devices; phase-
change memory) and transitory computer-readable transmis-
sion media (e.g., electrical, optical, acoustical or other form
of propagated signals-such as carrier waves, infrared signals,
digital signals).

The processes or methods depicted in the FIGS. herein
may be performed by processing logic that comprises hard-
ware (e.g. circuitry, dedicated logic, etc.), firmware, soft-
ware (e.g., embodied on a non-transitory computer readable
medium), or a combination of both. Although the processes
or methods are described above in terms of some sequential
operations, it should be appreciated that some of the opera-
tions described may be performed in a different order.
Moreover, some operations may be performed in parallel
rather than sequentially.

Each of the individual variations described and illustrated
herein has discrete components and features which may be
readily separated from or combined with the features of any
of the other variations. Modifications may be made to adapt
a particular situation, material, composition of matter, pro-
cess, process act(s) or step(s) to the objective(s), spirit or
scope of the present invention.

Methods recited herein may be carried out in any order of
the recited events which is logically possible, as well as the
recited order of events. Furthermore, where a range of
values is provided, every intervening value between the
upper and lower limit of that range and any other stated or
intervening value in that stated range is encompassed within
the invention. Also, any optional feature of the inventive
variations described may be set forth and claimed indepen-
dently, or in combination with any one or more of the
features described herein.

All existing subject matter mentioned herein (e.g., pub-
lications, patents, patent applications and hardware) is incor-
porated by reference herein in its entirety except insofar as
the subject matter may conflict with that of the present
invention (in which case what is present herein shall pre-
vail). The referenced items are provided solely for their
disclosure prior to the filing date of the present application.
Nothing herein is to be construed as an admission that the
present invention is not entitled to antedate such material by
virtue of prior invention.

Reference to a singular item, includes the possibility that
there are plural of the same items present. More specifically,
as used herein and in the appended claims, the singular
forms “a,” “an,” “said” and “the” include plural referents
unless the context clearly dictates otherwise. It is further
noted that the claims may be drafted to exclude any optional
element. As such, this statement is intended to serve as
antecedent basis for use of such exclusive terminology as
“solely,” “only” and the like in connection with the recita-
tion of claim elements, or use of a “negative” limitation.
Unless defined otherwise, all technical and scientific terms
used herein have the same meaning as commonly under-
stood by one of ordinary skill in the art to which this
invention belongs.

This disclosure is not intended to be limited to the scope
of the particular forms set forth, but is intended to cover
alternatives, modifications, and equivalents of the variations
described herein. Further, the scope of the disclosure fully
encompasses other variations that may become obvious to
those skilled in the art in view of this disclosure. The scope
of the present invention is limited only by the appended
claims.
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The invention claimed is:

1. A method for providing transdermal electrical stimu-
lation therapy to a subject for treating tremors, comprising:

positioning a stimulator electrode over a skin surface

overlying a target nerve or tissue which extends
through a hand of the subject;

delivering electrical stimulation via a pulse generator

transdermally through the skin surface and to the target
nerve or tissue to stimulate the target nerve or tissue so
that tremors experienced by the subject are mitigated;
and

detecting a motion from the subject via at least one sensor

positioned on the subject.

2. The method of claim 1, wherein the electrical stimu-
lation is delivered at a frequency of about 5 Hz to about 60
Hz, while remaining safe and tolerable to the subject.

3. The method of claim 1, wherein the stimulator elec-
trode is a surface electrode.

4. The method of claim 1, wherein the electrical stimu-
lation is delivered intermittently or on a chronic basis.

5. The method of claim 1, further comprising:

adjusting or optimizing the electrical stimulation in

response to a feedback signal received from the sensor
indicative of the detected motion and efficacy of the
applied electrical stimulation therapy.

6. The method of claim 5, wherein the feedback is queried
such that the electrical stimulation therapy is adjusted to
ensure that a minimum amount of energy is being applied to
stimulate the target nerve while reducing the risk of burns or
intolerance.

7. The method of claim 5, wherein the feedback is queried
such that the positioning of the stimulator electrode is
adjusted to optimize the electrical stimulation therapy.

8. The method of claim 5, wherein the sensor is a surface
electrode.

9. The method of claim 1, wherein the pulses generated
during the electrical stimulation therapy include pulses of a
first amplitude and pulses of a second amplitude, where the
first amplitude is different from the second amplitude.

10. The method of claim 1, further comprising positioning
a return electrode on the subject to facilitate penetration of
an electrical current through the surface to stimulate the
target nerve.

11. The method of claim 1, wherein the stimulator elec-
trode is attached to the skin surface with an adhesive.

12. The method of claim 1, wherein the stimulator elec-
trode is positioned over the skin surface with an ergonomic
applicator.

13. The method of claim 12, wherein the applicator is a
glove or brace configured to be positioned against a skin
surface such that the electrode delivers electrical stimulation
to the target nerve or tissue.

14. The method of claim 1, wherein the electrical stimu-
lation is automatically paused for a preset amount of time
every 10 minutes to overcome habituation.

15. The method of claim 1, wherein the electrical stimu-
lation is automatically paused for a preset amount of time
every 10 minutes based on feedback provided by the at least
one sensor.

16. The method of claim 1, wherein once tetany is
detected in a patient, indicating that a threshold frequency of
the applied stimulation has been reached, the strength of the
applied stimulation is automatically or manually decreased.

17. The method of claim 1, wherein electrical stimulation
is provided by delivering a cycle comprising a preset num-
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ber of pulses followed by a pause in stimulation, followed by
a preset number of pulses, and repeating the cycle as
necessary.

18. The method of claim 1, wherein positioning a stimu-
lator electrode comprises positioning at least two electrodes
over the skin surface.

19. The method of claim 18, wherein the at least two
electrodes are positioned to stimulate an Ulnar or Median
nerve.

20. The method of claim 18, wherein the at least two
electrodes are positioned in opposition relative to one
another.
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